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PREF ACE. 


The particular aim of this treatise is to furnish scamen with 
thoroughly practical hinis, such as are not found in the ordinary 
works on Navigation; or, if they do exist, are scattered through 
so many pages, and so smothered by their surroundings, as to 
require too much digging out—too many shells to be cracked 
before arriving at the kernel—a tedious process, which the practical 
mind recoils from: further, to indicate the shortest and most 
reliable methods, as well as the instruments and books necessary 
to enable the Navigator (amateur or professional) to conduct his 
vessel safely and expeditiously from port to port 

The various nautical instruments are treated of separately, their 
peculiarities explained, and the errors to which they are liable 
pointed out, with the best means of remedying them, or of 
compensating their effects. 

The volume contains but little that is claimed as strictly 
original: it is based upon life-long observation, matter gleaned 
from the works of men of repute, and information derived from 
intercourse with shipmates and the cloth generally. 

The mass of material at one’s disposal renders its clear present¬ 
ment within a moderate compass somewhat difficult, but great 
pains have been taken to select only the really essential problems, 
and, in view of those to whom the work is addressed, to choose 
the simplest possible language. If the style is thus more familiär 
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than dignified, it is hoped tliat it may with greater success attracfc 
the ear, and rivet the understanding of the nautical reader, thereby 
awakening and sustaining such an interest in the subject as will 
be most likely to create mental impressions of a lasting kind. 
Diagrams accompany many of the examples by way of illustrating 
and giving prominence to some of the more “important sim- 
plicities” of navigation, which arc unhappily too often disregarded 
by reason of their true significance not being understood and 
appreciatecL To this end, also, a free use has been made of 
capitals, and certain words and sentences are rendered conspicuous 
by a change of type when it appears advantageous to do so. 

If occasionally the reader of quick apprehension is irritated by 
too great minuteness, he must remember that as far as possible 
every imaginable question has to be anticipated, and that a single 
point left unexplained may render useless an otherwise careful 
description. 

Every sailor knows what is meant by a * Wrinkle some 
possess more than others, and in penning the following pages 
the writer has endeavoured to display his to the best ad van tage, 
and place them "cut and dried” at the disposal of such members 
of the profession as have had a less varied experience than him- 
8elf, and fewer facilities of acquiring an intimate knowledge of 
this brauch of their business. 

Metho<ls have been selected which offer peculiar advantages in 
the matter of hrevity of solution. To seamen this is very imj>or- 
tant, as all know; at the same time accuracy of the reeulte has 
been kept in vicw, and care taken that the latter quality is not 
unduly sacrificed to the former. 

Rigorous exactness of working—so ueceSvSary in the schoolroom 
—is but seldorn required on board ship; it is, therefore, only 
introduced in the process of rating Chronometers, and one or two 
other instances, whcre, from the nature of the question, one is 
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absolutely forced to deal with minute arithmetical quantities. 
Very many problems of interest to the scientific Navigator, as 
well as the discussion of many refinements of correction and 
reduction—which, neat as they may be in theory, are of little 
practical value—have been purposely omittecL On the other hand, 
an endeavour has been made to avoid the slovenly “Rule of 
thumb,” “ ßough and ready ” principle which has given rise to the 
saying—somewhat unjust to a good dass of seamen—“ it is near 
enongh for a collier.” 

These and other characteristics, it is hoped, may commend the 
work to the notice and approval of the profession. 

It must not be imagined that this book is written in any 
respect as a direct help to the Local Marine Board Examinations; 
there are plenty of excellent ones published for that express pur- 
pose. This has entirely to do, as its name indicates, with every- 
day navigation on board ship: the reader is supposed, indeed, to 
be in proud possession of his Master's certificate—if with blue 
seal so much the better; to have overcome the moonshine terrors 
of Decimal Arithmetic, and to have some slight knowledge of 
Plane Trigonometry. If, however, these pages should be read 
by one who has yet to undergo the ordeal of examination, the 
writer trusts that the introduction behind the scenes, and the 
knowledge of first principles thereby acquired, will teach him to 
think for himself and be of Service generally in enabling him to 
gain the coveted parchment 

To* the daring yachtsman, ambitious of personally undertaking 
the conduct of his white-winged craft to distant parts of the 
world, and who has already acquired a certain groundwork of 
navigation, it is hoped that this Manual will present not a few 
advantages: it will be a sort of nautical finger-post at the junc- 
tion of many devious paths, which will point out to him the 
safest way to his destination; and, whilst providing him with 
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sound ad vice on most of the necessary points, will not distract 
his attention and w&ste bis time ou what, even to the Professional, 
may be regarded aa superfluous, or of questionable irnportanea 
linder this last heading comes Marine Surveying—which is, 
conaequently» exeluded ira toto as constituting a distioet study, 
and one which, in these exact days, can scarcely be said to come 
within the province of merchant scannen, whatever it may have 
done in tinics gone by. If, however, Marine Surveying should be 
taten up by anyone who bas a natural tinste for timt sorfc of thing, 
with leisure and opportun! ty for indulging it, he should study 
such books as are devoted exetusively to it, sinee it is a subject 
raore difficult than many at first would suppose. * 

In one matter, more especi&Uy, the Author would crave the 
graelous forbearance o£ the Critic. He wishes it thoroughly 
uuderstood that not in the least degree docs he Claim for his 
present venture whut is known m * literary merit M A lad who, 
at twelve or thirtecn, odopts the rough career of a sailor, when 
more fortunate ones of the same age are only just commcncing 
their education, can not rcasonably be expected in after Hfe to 
shiiie m a brüliant star in the literary firmaiuent It is searcely 
consistent with the 44 eiernal fitness of things M that he should. 
Our Gallic neighbours have a proverb wbich is in every way 
applicable—“Cliacun son metier, et lea vaehea sont bien garddes;" 
wbich, when freeiy translated into the nauticol language of 
Britnin, reads thus—“ The Gunner to his Linstock, the Steersman 
to the whccl, and tho Cook to the foresheet" 

The book, therefore, is merely a friendly offer of help from one 
sailor to auother—nothing more. Seine readera, no doubt, will 
inake it tbeir proud boast that they "claiuborcd in through the 
h*wse~pipea," whilst others will have ' entered by the cabin win* 
down" To both tlxe Author is not without hope his " Wrinkles * 
may prove accept&bR and that, like a M Handy-Billy" clapped 

* AUmt th# matt «vnipleU *nrl ia ** Sun-tyl**,“ by Vmpt W WUriMa, 

II N, H *u puMktwd b| John tu Iftct 






PREFACE. 


IX 


on to the fall of a “ Luff-tackle Purchase,” the present book may 
assist the more powerful ones in pulling the Shipmaster through 
many of the navigational troubles by which he is often beset. 

In conclusion, should Experts complain that they do not find 
anything novel in this volume, the writer would merely remind 
them that it was not his intention that they should. The book 
has been prepared for comparatively young members of the pro- 
fession; and one of the leading objects has been to elucidate in 
plain English some of those important elementary principles 
which the Savants have enveloped in such a haze of mystery as 
to render pursuit hopeless to any but a skilled mathematician. 

Comparatively few sailors are good mathematicians, and, in the 
writer’s opinion, it is fortunate that such is the case; for Nature 
rarely combines the mathematical talent of a Cambridge wrangler 
with that practical tact, observation of outward things, and readi- 
ness on an emergency, so essential to a successful sea Captain, 
who, curiously enough, is always expected to be as many-sided as 
the “ Admirable Crichton”—at once Sailor, Navigator, Parson, 
Lawyer, Doctor, and a host of things besides. 

The Author has only to add that he has done his best to secure 
accuracy in the printing of the book, and trusts that few errors 
of moment will be found to have crept in. He will at all times 
be thaukful to receive corrections and suggestions for the improve- 
ment of future editions. 

Squire Thornton Stratford Leckt. 


Liverpool, yovembtr 1881 . 



PREFACE TO THE SECOND EDITION. 


SlNCE launching " \Vrinkles ” with fear and trembling on the 
uncertain sea of public criticism, there has been quite a tropical 
deluge of approving letters, which could not but reassure even 
the most timid. 

Coming as they have done from brother " Shells,” both of the 
Navy and Merchant Service, and from eminent scientific men in 
both heinispheres, these tokens of appreciation carried with them 
the convincing assurauce thnt in tliis, iny first serious effort at 
authorship, the right nail had been successfully struck on the 
head. Nor has the Press, both at homc and abroad, been back¬ 
ward in saying kindly things, so that in nearly every quarter I 
have reason to be grateful for the frieudly reception accorded to 
my " first-born.” 

It is not to be wondered at, therefore, if I have feit impclled 
to put best foot foremost, and try if the work could not be 
brought still nearer the mark. 

Wading laboriously through an unwieldy manuscript, and 
reading it afterwards in print, are two widely different things, 
and 1 must admit that an inspection of “\Vrinkles " in its finished 
form did not bring with it the amount of satisfaction I had been 
looking forward to. It was impossible to ignore the fact that in 
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not a few instances the cart had been placed before the horse, 
and what with this and other little shortcomings I was conscious 
of a somewhat lubberly “Lash-up.” (This, dear reader, is in 
confidence). 

Thus it comes about that although the critics—by way of 
encouragement, I suppose—have good-naturedly shut their eyes 
to the indifferent cooking of my literary “ Sea pie,” I personally 
feit dissatisfied, and, with a determination to reprint the book 
from start to finish, made a clean sweep by throwing the 
stereotype plates—not overboard exactly—but into the melting 
pot, which nearly amounts to the same thing. 

This Wholesale and very costly “Clearing of the decks " enabled 
me—whilst leaving the plan of the work unchanged in its main 
features—to effect many desirable minor alterations, and to 
introduce nearly 100 pages of new matter. The regenerating 
process admitted also of the various subjects being brought up 
to date in accordance with our present knowledge; and the 
Nautical Älmanac elements, necessary to work out the examples, 
have been added in the appendix. 

The list of Time-signals for rating Chronometers has been con- 
siderably enlarged, so as to embrace all those now in Operation. 
The longitudes upon which the Signals depend are from the very 
latest determinations—principally telegraphic. 

These improvements explain the bulkier appearance of 
“Wrinkles,” and it is hoped will win for the book increased 
popularity and so recompense me for much “midnight oil” 

The fortunate individuals who have not tried their hands at 
book-making can have but a faint idea of what such an under- 
taking involves, to say nothing of the pecuniary risk which 
attaches to it. For myself, I do not mind confessing that if I 
could have foreseen that “ Wrinkles ” would have cost even one 
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tithe of the labour expended upon it, I never would have been so 
bold as io aiiempi its production; but in a weak moment the 
promise was made, and once fairly committed io ihe t&sk ihere 
was noihing for it but to “ wiro in,” 

Encouraged by the support given to its predecessor, Edition 
No. 2 now goes forth asking well-wishers to “pass the word 
along ” and so help to swell the lists of " The FaithfuL” 

S. T. S. L. 


Nxtlard Housb, 

New Miltord, 

January , 188 
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PART I 


CHAPTER L 

NAUTICAL LIBRARY, AND INSTRUMENTS OF NAVIGATION. 

There äre so many works on Navigation that any one so disposcd 
might easily convert his cabin into a book closet, leaving no 
room to stow away himself and wardroba As such a Wholesale 
procedure would be neither convenient nor profitable, one is 
constrained to make a selection. The following list is confidently 
recommended as embracing all that are necessary; and the pur- 
chaser should make sure that he gets the latest editions They 
can be readily procured from or through any publisher of nautical 
works:— 

I. The Epitome the reader is mögt accustomed to use—generally Norie’s 
or Bergen’a 

S. Hapert Practice of Navigation. 

A Towaon’s Ex-meridian Tablea 

*4 Merrifield’s Magnetism and Deviation of the Oompasa 

# 6. Towson’s Deviation of the Com pass, for Masters and Matea 
Evan’s Elementary Manual for Deviation« of the Compasa 

7. Burdwood’s Aximuth Tables, from 60° to 30* of latitude in both 

Hemispheres (“Red Book”). 

& Davis’s Azimuth Tables, from 30* of latitude to the Equator in both 
Hemispheres (“Red Book”). 

8. Johnson on Finding the Latitude and Longitude in Cloudy Weather. 

10. Galbraith and Haughton’s Manual of the Tidea 

11. Weather Wamings for Watchers, by the “Clerk” himself. 

18. Aids to the Study and Forecast of Weather. By W. Clement 
Ley, M.A. 

ia Admiralty Tide Tables for current year. 
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14. Imrays Liglits and Tides of the World, or Findla/s Lighthouses 

and Fog Signals. 

15. Gray’s Rule of the Road. 

16. Nautical Almanac for current and following year. 

The Wind and Current Charts emanating from the Meteorological 
Office, and Sailing Directories for the parts intended to be 
navigated. Among these may be mentioned as worthy of special 
commendation:— 

Findlay’s North and South Atlantic. 

» n „ Pacific. 

„ Indian Ocean. 

Imray’s North Pacific. 

„ Indian Ocean. 

The above list only comprises books which may be considered 
absolutely essential to safe navigation in the present day, when 
the question of speed enters so largely into the calculation. Their 
cost would amount to about £10—no very great expenditure 
when considered in connection with a shipmaster’s responsi- 
bilities; indeed, the addition of a few other interesting volumes 
may suggest itself to some, who should then procure— 

1. The Admiralty Manual of Scientific Enquiry. 

2. Buchan’s Introductory Text Book of Meteorologe 

& BedfonTs Sailor’s Pocket Book. 

4. Ansted's Physical Geography. 

5. Astronomy, by Sir John HerscheL 

6. The 10 volumes of Chambers 1 Encyclopedia. 

7. The Geography of tbe Oceans. By. J. F. Williams. 

8. Tinmouth on Points of Seamanship. 

To complete his stock-in-trade, every navigator should take the 
monthly numbers of the Nautical Magazine. Not only do they 
afford light and agreeable reading for leisure moments, but they 
contain important notices relating to alterations and additions in 
buoyage and lights, discovery of new dangers, fresh laws affecting 
shipping, alterations in those now existing, publication of latest 
Admiralty Charts, and other items interesting to the intelligent 
Seaman. 


NAUTICAL INSTRUMENTS. 

To the master of any vessel, other than a mere coaster, tho 
following nautical instruments are indispensable:—Compasses, 
Chronometers, Sextant, artificial horizon, night glasses, telescope, 
common or patent log, hand and deep-sea leads, parallel rulers, 
dividers and charts, pelorus, barometer or aneroid—the latter 
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for preference. In addition to these, there is one valuable instru- 
ment called a Station Pointer, which is seldom or never met Station 
with on board a merchant ship, and is particularly useful in vessels Polllter * 
frequenting narrow waters and intricate channels. Steamers 
trading to tbe Baltic, Black Sea, East Indies and China, should 
certainly be fumished with it. 

It is proposed to treat of the above instrumenta -separately, 
devoting a chapter to each. 



CHAPTER II 

TBE MARINERE COM FASS, AND IMPORTANT FACTS CONNECTED 

WITH IT. 
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Curiously enough, tmtiJ quite rocently ship-builders and ownerr, 
did not bestow on the compass the amount of consideration which 
it undoubtedly merits. 1t is pre-eminently the Instrument 
upon which the safety of the vessel depends, and it justly ranka 
fl7*at in importanea It would he ea&ier to dispense with the 
Chronometer, or even the Sextant, than with this iuvaluable 
guide. With a faulty com pass a straigbt course caimot be tnade. 
Formerly, when time was less an object than it is now, a bad 
landfall, or distance lost on tho voyage through zigzagging over 
the ocean, was of no particukr moment; but in these days of 
keen competition, when the public look for the arrival of Trana- 
At laut ic and other mail steamers almost to the very hour, and 
the rival Companies wage paper wars over the Splitting of 
minutes in the passages of tbeir respective vessels, it ia necessury 
that good namgating appliances should back up good ships. 

Composscs for tise on board ahip are of two ciassca—the Stan¬ 
dard and the Steering Compasa Taking them in thia Order, tho 
Standard first claims the reader’s attention. 

To begin theu, it is of the greatest important that a spot 
should be selected for the Standard com pass where it would ouljr 
be acted npon by the general magnetic charader of the $hip § 
and not by jxirticvJar mawes of iron in its immediate vicinity. 
To this sotne buildcrs pay ccmsiderable attention, whilst others, 
unfortunately, aeem Qua wäre of the necessity for such a precau- 
tion, taking it for granted that the com pass adjuster can effect 
hin object, quite irrespective of how the coinpass may be fenced 
in with iron. 

Tho Standard may not inaptly be termed the "Navigating 
eumpi wk** By it the eour*e should he »et, and all be&ring* tnken 
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for ascert&imng the ship's positioa To this end, it must be 
placed where an all-round view of the horizon can be had, 
excepfcing, of course, when the inasts or funnel iotervene, In 
aome few veaeels of the larger dass a special platform is ereeted, 
and in such cases the haudrails and supports are of wood or 
brass» Unlees, however, the whole structure is firmly aud securely 
bolted down to the hüll of the ship, it will be eertain to vibrate 
in strong winds, or with much motion, and so destroy the steadi- 
ness of the card, rendering almost useless what may otherwise 
be a good eompasa 

The birmacle should be large enough and of such a shape box Binn&cie, 
as would permit of the adjusting magnets being placed imide 
it, iostead of on the deck. Uns is a neat and compact arrange- 
ment, and access to the interior can be had through a small 
door provided with a good patent toek and key. To prevent 
tampering with the magnets, or the inside being made use of 
by quarter-master» as a haody s ow-hole for o<Ids and ends, thia 
door should be religiously kept locked, and the key in the 
poasession of the capLain. 

Sir W. Thomson's Binnacle is so arranged, and one of the great Sir w. mom- 
advantagea of bis plan is that when it becomes necessary to nac i 9 . 
remove the binnacle for any purpose—such as calking decks, 
tbere is no oceasion to dlsturb the magnets; whereas when they 
are nailed to the deck round about the binnacle, it will sometimes 
happen that they are taken up by calkers ignorant of the 
mischief they are doing; and when replaced—as likely as not 
the magnets are shifted end for end, and put down at a greater 
or less distauce from the compass than they oecupied previoualy. 

When the Standard com pass is improperly sitnated—as, for pro^mity°of 
exaraple, on a narrow bridge, heinmed in by iron hand-rails, lr0IL 
Banked by boats d&vits, awning stancliions, ridge chains, stoke- 
hole Ventilators of large size with mtrveable cow(s t and probably 
not two feet from the iron stand of the engine-rooni telegraph, 
or twice that distance from the donkey boiler,—it is rather too 
much to ex pect that its behaviour will be satisfactory. No 
adju&ter in the World could even pretend to compensate the 
errors of such a compasa He might eertainly manage, by & 
liberal use of magnets, to lick it iuto something like shape for 
the time being; but such an adjustment could not be dopend cd 
upon for twelve hours after it was effected, aud on a voyage to 
the southward the deviations would soun become so large aa to 
be lioinanageabla 
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Ccmpasses arc not txnfrequently so badly placed that the 
adjuater h&s to compeusate errors amounting to eleven or twelve 
points, 

The reader mny imagine that the foregoing is an overdrawn 
picture, but if he will take the tronble to look aronnd, he will not 
he long in fiiuling how true its deseription is Sometimes, too, it 
occura in steatners iliat the end of a trysaibboom, when guyed 
amidships, comes within 18 inches or less of the com pass, ln th h 
case, if the foot of the sail should be made to liaul out with a 
traveller, on a massive iron jackstay—& very common mode of 
fitting now-a-days—it is clear the effect on the needle will 
eiitirely depend on the position of the boom, whether eased off 
to port or starhoard, topped-up, or in the eruteil* 

The writer was in one vessel where the wire toppinglifts of 
the main-boom eaine down within six feet or so of the Standard 
compasa, and werc proved to produce an effect of 5* when the 
boom was guyed over from one aide to the other* Precaution, 
then, shonld be taken, that no iron eubject to temp</rary removal % 
be within ten or twelve feet of the compass; and the Iatter 
should stand at least 4 feet 6 inehes above the deck, not an ly on 
account of the beams, but to avoid the possibility of belüg 
influenced by any moveable article of iron on the tUck tt&ri 
below ih 

It is common enough, where the vessel is steered forward, to 
find a composs placed on the bridge just above the one in the 
wboelhouae.* In such cases it is imperative that the upper or 
bridge himmele should be raised above the deck as uiuch m 
possible, or the compensating magnets contained within it will 
affect the other compass in the wheelhouse, and vice versd, If 
raising the binnacle on a wooden etool or solid block should 
midor it mconvenicntly high, it is not a killing matter to hui Id 
u suitable step—ot eveu a couple of them—round nU>ut it» base. 
The reciprocal action of one com pass and its inaguets upon 
auother—more partieularly in the position here referred to— 
U u tliing very likely to be overlooked from the inere fact of the 
compassoa not both being seen at one and the samc time. 

When fitting out a new ship, it is not uncotumon for the 
builder to consult the wishes of the future captain in the matter 
of compasses, Äcc*; if, however, the Iatter doea not join the vessel 
tili shü is nearly finishcl and ready for dclivery, it will be too lato 
to expeet tnuch in the way of nltcrntinn, as builders, at all tiniea 

*S©e 2<t. 
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aver m to it f are particularly so when they are just about to make 
tlie vessel over to her owners. But there is no reason why the Alteration# in 
captain, if dissatisficd with the existing arrangements, should püaltl0il * 
not himaelf eudeavour to remedy them in the course of some 
subsequent voyage. It is au easy matter with a spare compass 
to rnake trial of various placee ahout the decke, until one is hit 
upon comparatively free frorn the mfluence of the ship’s iron, 
and there the Standard should be rigged up t even if other less 
important matters have to give way £or it. 

It is well to know also that in every vessel there is a " neutral N#utral BJKI | 
spot** where a compass would have iittle or no deviation; but,0f*uip. 
unfortunately, it may be found to exist in an impracticable 
Position. Nevertheless it is worth looking for. There is only 
one eaution necessary—before finally screwing down the binnucle 
in the newly found neutral spot, be sure that it is really so 
by testing the deviation on two adjacent Cardinal points, such 
as north and east, as it may happen that a place has been 
hit upon where the compass will be tolerably eorrect on one 
point and very much out on another. It is qucstkmable, how- 
ever, whether this neutral spot would deserve the name in all 
latitudes. 

The writer is led to the above remarks by havmg nofciced that 
the Standard compass of ships several years old had been allowed 
to remain frorn the commencement in inost unsuitable positions, 
as if their captains considered, that once placed, there they 
should for ever rernam« 

Tire following is a description of a Standard or Navigatlng 
compass—honest and simple—-which has stood the test of severnl 
years’ trial, and been found to fulfil all the desirable conditions 
iu a fair degree:— 

In point of size it is a compromise between the justly lauded 
Admiralty Standard compass and the gigantic ones which, unfcil 
recently, were in use on board of sotne of the Atlantic Mail 
Steamers. In the attempt to gain steadiness, and secure large 
marginal divisions to steer by, the carda of these last-mentioned 
compasses sometimes attained the amazing diameter of 18 in, and 
20 in, The card about to be described has a diameter of 11 hu 
and Is mounted similarly to the Admiral ty one, on two pairs of 
needles, reepectively 8J and 6 inches in length, by half an inch 
in depth, and ^ of an inch in thickness. The longer pair occupy 
the central position, the ernte of eaeh being 15* frorn the north 
and south line, whitet the Guter, or short ncedles. are each 45* 
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frotn the same point, aJfter the manner represented in Diagram 
Na I, The needles, as will be seen, are secured to the card oii 



Diaymm I. 


their odges in the usu&l wa y t are parallel to each other, and eqm- 
distant By thls arrangement the advantagee of a large carti 
are secured without tke drawback of lang needles, which are 
objectiounUe for many reasons: the principnl being that they are 
opposed to a perfect compensation of the com pass by magneta, 
and that there is no practica! gain of directive power, the latter 
being moro than counterbalanced by the friction on the point of 
»upport, resulting from the increased weight It follows frotn 
this last, that in all compasses the needlea ahould be very thiu, 
and the brass or aluminiinn carriers as light as possible. 

It may be laid down as a fundamental principle that the »maliei 
the needle* t the more correcUy they point; aml tke larger a card 
the more accurately it ü mul When very large needles are 
used* alugyinhncss results, which the unwary navigator is too apt 
to mist&ke for etoadinw* 

Who has not «een a pieee of mar) ine or spun-yarn made fast 
to the curnpass bowl, and occaaionally twitched by the man at the 
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wheel to n keep the card alive" or, as it is sometimea termed in 
Jack’s phraaeology, “to keep the com pass afloat" Independent 
of long needles, there are many cause s to which this state of 
affairs ean be traced, and tbey will be referred to further on. 


Dirttjram 2, 

Tt will be noticed, by reference to above diagram, that tha 
upper surface of the card is of novel pattern, The outer rim is 
divided by radial lines into single degrees, every fifth and tenth 
being, for sake of clearness, marked stronger than the othera 
Now that the eourse—on board steamships at least—is very com- 
monly set in degTces, this, which might otherwise be considered 
an objection, is no longer ona Each quadrant is numbered by 
tens» froin zero at north and south, up to 90° at esst and west. 
The diameter of the central space, representiüg the usual points 
and half points, is 6*35 inches, and the length of the Stile or 
Sbadow-pin mounted on the centre of the card ia so proportioned 
{3*75 Inches), that when the sun attains a greater elevation than 
50*, its shadow will fall wlthin the before-mentkmed radial lines 
—*showing at once f without reference to anything eise, that the 
altitude is no longer favourablo for observing asimutha In this 
tespeet the com pass is self-indicating. 
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Ifc is true that bearings of the heavenly bodies may be taten 
with otber instruineats up to altitudes of even 60° or upwards; 
but to get a corrcct azimuth, when the body obaerved m so near 
the zeiiith, ueceasitates a much more refined Instrument than the 
ordinary ships coinpass, 

Aa a rule, except under great pressure t aziumths should not be 
taken ßt a higher altitude than 3U*; in faet, the nearer to the 
horizon the beiter, 

To contimie the deacription of this form of Standard compass,— 
the glass cover of the bowl is of a eurved form» struck with a 
r ad ins of 6*5 in dies, to ailow room underneath for the play of the 
Shadow*pin ; and the bowl, of stout copper, is suapended by six 
strong india rubber supporters to an additional or inner brasa 
ring. Tim last Arrangement, now in toleraUy common use, 
diminishcs the shocks vvhicb would otherwise be comniüidcated 
to the card by the jar of the engin es and propeller, and by the 
pitching of the veesel in a heavy head-sca. These may b© 
1 essen cd still furlher by the introductiou of a sin all spiral spring 
mto the socket for the pivot wlvich sustains the card, 

Eafl^ntiaia of 4 Ina wetl mode eompass, lat the partieular form be what it may, 

sott oomput essential* are—that the pivot should be accuratcly centred in 
the bowl; that is to say f that its point should be exactly in the 
intersection of the two di&meters, passing through the centres of 
tlie gimbals, and in the same horizontal plane; the upper edgea 
of the needles should also lie in the same horizontal plane, or, if 
anytking, au eighth of an inch lower. To avoid distortion from 
shrinking, the card should be mounted on its mica base before 
printing, othcrwise the graduation of the marginal divisiona ia 
likely to be in error. The shadow-pin should not only l*e stroiglit, 
but accurately centred on tlie card, and the general bal&nce of 
the instrument so well preserved that the shadow-piu will stand 
truty vertical under all cireumstances. 

The oomposs should be seimtivs in smaoth, and steady in 
rough water. 

The bowl, if inclined to list one way or the other, can be made 
to hang horizontally by neatly aerving the girababring with lead 
wiro; and in case the card itself should be a little out, seine 
meltcd sealing wax sparingly droppod ou the under side will 
SfM>cdily restore its balauce. The card, when poised on its support, 
should not be more than f of an inch below the upper edge of 
the bowl whtTe the latter meete the glas» cover, otherwiae the 
auu would roquire to have conridurable devation befor© its 
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shadow could strike down on it. Moreover, the higher the level 
of the card, the easier it is to take bearings directly by the eye. 

The pivot should have a fine point of hard steel or iridium, 
ground to fit the sapphire cap, and the magnetic axes of the 
needles must be strictly parallel to the north and south points 
of the card. 

Before going further, it may be as well briefly to explain one r easom for 
of the reasons why in modern compasses the needles are secured 
to the card on their edges, instead of on their flats, as formerly.***•• 

As just stated, it is necessary, for obvious reasons, that the 
magnetic axes of the needles should be parallel to the meridian 
line of the card. Now, when needles or steel bars are magnetized, 
it sometimes happens that the poles do not lie exactly in the 
axi8 of the figure, but obliquely to it, viele diagram; in which 
case, if mounted on their flats, the above condition could not be 


_ NORTH AND SOUTH LINE OF COMPAS8 CARD. 

S —---«*QNmo___ 

a xm or 1 ~ _ [' 


N 


conveniently fulfilled, but by mounting the needles on their 
edges it can. 

If the foregoing points are conscientiously attended to in the 
m&nufacture of the instrument, it will be found to give good 
results, and prove itself steady in a seaway. This latter quality 
may be still further ensured by attaching a flat circular band 
of brass to the margin of the card, on its under side, something 
after the fashion of the fly-wheel; its effect is to reduce the 
vibrational period of the needles by throwing the weight to the 
outer edge, and in this manner it is a most valuable auxiliary in 
conf erring steadiness on the card. The dimensions of the brass Um of brass 
ring are, ^ of an inch in width on the flat, and ^ of an inch in 10 CÄrd * 
thickness. Sir William Thomson has ingeniously availed himself 
of this principle in his patent Standard compass, which has proved 
such a wonderful success. 

With the compass described above, azimuths of the sun or 
moon can readily be taken by simply watching where the shadow 
falls on the radial lines of the card. If partially veiled by 
douds, so as to cast no shadow, a little practice will enable 
anyone to take a direct eye-bearing of the sun (if not too high) 
with a probable error of less than a degree. Bearings of objects 
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on the horizon, such ns ships, lnnd, or üghts* can be obtained 
with the utmost aecuracy, by getting the Shadow-pin, inargin of 
the card, and object in the same straight tine, The weiter and 
his officers bave over and over again observed aziimiths of stars 
—taking 3 or 4 on widely different be&rings as a check, When 
worked out, the results generally corresponded within a degree, 
and never exceeded two degreea, even when the veasel had con- 
siderable motion. 

See that the compass has not lateral end-play in the gimbals, 
which would jar the card, and cause it to oscillate every time the 
ship rolled. If the gimbals do not fit close np to the sides, 
Insert a sinall pieee of soft wOOd, but do not jam them or impedg 
their actiotL 

See also that the freedom of the card is not interfered with by 
its edges touching the bowl; this soinetirnes happens with a too- 
neat-fitting card when expanded by darap. Test it by spirming 
the card on its supporting pivot 

In taking aziimiths by the shadow of the sun or moon, the 
extreme convenience of the Stile is at once demonstratecL The 
reading on the card can easily be made to half a degree, even 
lesa There is no stooping or manipulating of a rcfractory 
azimuth-riug and speculum, the use of which, when the bearing 
happens to be on the beara, is rendered additionally Awkword in 
compasses fitted with cbain boxes; nor does ones nose gut 
smeared with any oit and brickdust that may be left on the 
hrnsswork by a eareloss quartermaster or lamp tri mm er. 

In swinging ship for a deviation table, there is nothing to do 
but staiul still, with book and pencil in hatsd, and, as the ship is 
steadied on the required point, note the reading of the shadovr 
simultuneously with the hour and minute by watch, previously 
eet to Apparont Time at Shijx In fact the observer is master of 
the Situation witboui an effort With this compasa, swingt ng 
the ship completely round, steadying her on every other point, 
ghould not occupy more than 20 or 25 minutea 

Many compasses are fitted with a Shadow-pin, to ship in a 
socket on the glasa cover; but there are several serious object iona 
to this Arrangement The pin, from ita exposed position, is 
conti nually getting bent; if removable, it gets lost ; if left on, and 
the binnacle top b© hurriedly shipped or unshipped, it is apt to 
get a knock, which will probably break the gka% and cause tio 
tud of incomrcniencc. 

Agaiu, it is «eldom that the Shadow-pin is stepped exactly in 
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the Barne vertical Hiie as the centre of the card* which ought 
stricily to he the case if a correct rt^sult is looked for; the sun 
has to attain quite a considerable altitude before the shadovv 
can possibly fall on the card; and finally, from the motion of 
the bowl and the card not being always coincident* the ahadow 
on the latter ranges about much more than it need da* 

On the other hand f when the Shadow-pin is mounted on the 
card itself, it does not suffer by handling; if made straight, 
it will remain so; it is protected from injtiry; it is more easily 
Cent red; and from its curved shape the glass cover is stronger. 

The correctness of alt the various Instruments used for taking 
aximutba depends* in the first place* upon their parts preserving 
either a true horizontal or vertical position* so that* if the 
objection be made to a Shadow-pin on the card tbat it may 
not always stand truly vertical* it must not be forgofcten that it 
applies with equal t if not great er, force to all the other modcs of 
observing: and it is this liability of Instruments to deviate from 
their proper position* whether vertical or horizontal* that makes 
it advisable to take azimuths at low altitudes, whereby any 
errors due to this cause are reduced to a minimum. 

To test the balance of the card is a simple matter. First of all Balance of 
unship it and assure yourself that the shadow-pin Stands exactly 
at right angles to its surface; this can be done with an ordinary 
set-square, Next, replace the card and put on the glass cover; 
then* standing at a eonvenient distance from the bimmele* and 
the keimet or top being removed, stoop snfficiently to make the 
shadow-pin appear to grow out of the sea horizon beyond. A 
good eye will now have no difficulty in judging whether or not 
the pin is at right angles to the true horizontal lina 

But this is oniy half of the test* since, though the pin may be 
all right when looked at from one point of view* it may be very 
much out from another: therefore exaxnine it a second tirne in 
a direction eight points to the right or left of the former one, 
and if the pin still contmues upright, its verticality on all 
other points is definitely establishecL Thus if the ship should 
be steering west* and you make the first trial along the NAV* 
point of the compass, the second trial should be made either 
along the N.E, or SAV, point 

If* however* the pin should be found inclined to one side or the 
other, note carefully the direction of its inclination, and having 
unshipped the card, drop a little melted sealing-wax on the ander BeaHas-w** 
and opposite side, close out to the edge. Replace the card. 
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examine it afreah, and repeat the dose xmtil the result is satis- 
factory. It ia best to do this on a smooth day, when tbe ship is 
upright and steady. 

I£ the eard should get overloaded with sealin g~wax* it is easy 
to chip it off when hard, 

The com pass just descrihed was contrived by the writer, and is 
ö comparatively cheap and thoroughly useful form of Standard 
It is unpatented, and can therefore be made by auy optician, 
and, to avoid the expense of a frosh plato, mounted impreesions 
of the card ean be had through the post for & few pence frorn 
F, M* Moore, 102, High Street, Belfast, who has constructed com* 
passes on this patterm 

When the owner's pocket can aflbrd it, however, there is no 
Standard compasa which in any way can rival the one inventod 
and patented by Sir Wjil Thomson, of Glasgow* Its mcchamcul 
constructkm is as near perfection as inay be; and lookiug at it 
either theoreticolly or praetically, it has advautages which na 
other known com pass posseases. 

Unfortunately there is considerable misappreheusion abroad as 
to this coinpass; the writer has hcard men, who ought to have 
known better, say, “Öh l it is too complicated for ordioary folks." 
Kow there could not be a greater mistake than this. The entire 
arrangement is beautiful in its extreme simplicity, and there is 
absolutely nothing to get out of Order, 

41 The proof of the pudding is in the eating of it,” and five 
years' experienee of Sir Williams compass in all weathers and 
climates has oonvinced the writer that it is no more lieble to a 
rnishap than any other klnd—perhaps not su inueh, whilst the 
facilities for adjusting it staud uurivalled We Uext come to 

THE STKEBINO COMP ABS. 

Among the best is one in which the card is almmt floated in 
dünted spirita of wine.* The bowl is, of course, hermetically 
sc&lcd, to prevent the eecape of the spirit; and in the better de- 
scriptions there is a compensatory arrangement, which permits, 
without injury to the several parts, the expanaion and contraction 
consequent on chauge of temperatu re, 

The objects of this form of compass are, first, to diininish th« 
friction due to the weight of the card on the pivot, thereby 


* Pur* «joobal—fntuilii/fy known m kjht (a uf »in«— i* prefenhl« |o w*Ur, ur 
Mt; jlhor Hq<ud, <m iccuuni vt iU not trveiLug *ft® it frry 1q«t koipftilan^ 
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material ly increaaing its sensitlveness, and seeondly, to render 
tho compass steady in heavy weather, or when plaeed in positions 
wbere there is much tremor arising from machinety or otherwiso. noUtl 
The floiation power of the card is so adjusted that, though the power. 
latter is several ouneas in weigbt, its pressure on the point o£ 
support döQS 110 t exceed 15 or 20 graim The bowl should he so 
completely filled by the spirit as to ieave no air-bubble. If one 
should at any time appear, the bowl raust be unahipped and 
turned npside down, to perrait of the deticiency beitig rnade good 
through the proper filling hole, which is then closed by a screw- 
eap and washer. On no account must the glass comr ever be 
startest 

There is only one other caution necessary in the use of liquid 
cora passes* In tropical cliinates they should be carefnlly shielded 
from the rays of the sun, which, if perinitted to beat upon them, am, 
would turn the card a dirty yellow, and eventually, a brown color j 
besides mking the breakage of the glass top, owing to excessivo 
Expansion of the spirit* From neglect of this simple precaution 
the writer bas seen several liquid compasses come to grief most 
unexpectedly, causiug much annoyance du ring the rest of the 
passage, and expense at the end of it. This is the only kind of 
compass which is suitable for boat work; in all other descriptious Bofttcomrmaa 
the card Swings so much as to be useless* 

An erroneous idea sometimes prevails, that, in an iron vessel 
such a compass is less affected than those of the common pattern, 

This is really not the case, nor do the makers wish to convey 
such an idea. As explained above, a card, when nmrty aÖoat, is 
much more sensitive and ohedieut to the earth's directive force 
than the sarne one would be if sulfered to rest its whole weight 
on the sustaining pivot, and that is all. The writer eaimot here 
do heiter than quote Mr, Towson’s remarks on this snbject. Ho 
says, on page 122, in his work entitled "Practical Information on 
the Deviation of the Compass for the use of Masters and Matea":— 

14 In connexion with compass deviations, many practical men impoaiws to 
have vainly attcmpted to discover aome substancc or medium that 
would insulate the needle from the induence of the magnetism of 
the ship’s iron, Many iinagined discoveries of this character have 
beeu patented, and have acrved both to wüste the time and raoney 
of the patente©», and to distract the attention of the mariner from 

* ln the beit thjiüd the card La of hurd ennni^l, which permit« of ptti* 

apiriU of wiuo being uned with out dUcöluratton, aud r^uderi freesdng Imponäihleu 
puinta .au ttevor be g*ined in the nrdinfcry p&inted cnnl. 
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that dass of study which alone can promote his safety in navi- 
gating an iron ship* It may be stated with confidence that there 
is no av&ilable medium that ean intercept magnetic intluenee* 
For two centuriee, at least, every dass of bodies has been sub- 
mitted to experiment, in otder to discover a material eapable of 
intercepting the influence of one magnet on another, not for the 
purpose of preventing deviation, but because the meehanic dcarly 
perceives that if such a material were discovered, a motive power 
eould be produced by various arrangements of permanent magncts 
and insulating bodies. But no one hm succeeded in making thte 
discovery. Should, bowever, the efforts, which for centuries bave 
been unsuccessful, be realized, although a new motive power 
would thereby be available, it would be altogether vnlueless in 
connexion with the compasses of iron shipa The magnetism of 
the earth general ly, the loadstone, soft iron, hard stcel, or the 
electro-magnet, is all of the saine nature, If we shut off one, w© 
shut off all 

“If, therefore, we could succeed in insulating the ncedle from 
the magnetism of the ship, we should by the sarne means mtercept 
the magnetism of the earth, and thus the com pass would be 
rondered absolutely ttadm In the first place, then, the objecfc 
sought for is not available ; and, secondly, if such a medium did 
exkt, it would be entirely valueless in connexion with the com- 
passes of iron shipa” 

Fopuiu There is an ill-founded opinion prevalent aiuong certain piiots 

c*ae®»aid«vi. and seamen that the corupass is affectod by fog; by certain streng 
winds of long duration ; by the proximity of the vessels keel to 
the bottom, in the shallow waters of rivers and estuaries, such as 
the Rio de la Plata; and by the phenomenon known as the 
Aurora Bormlis and Ausiralis. The sooner such notions ar© 
ahandoned the better for the navigator, as they dlvert his mind 
from the true source of error, The first three enuses do not 
aff et the compass in the «lujhUM degree, and any disturbance 
due to the latter ean only be detectcd by the delicately susj)end©d 
needles in an observatory ashore, where an tinusmü deflection of 
the aixth of a degree is conakicred a big thing. 

If, therefore, nnder condition« such m those just alluded to, an 
unexpected ami>unt of deviation should he found, the navigator 
imi*t unhcaitatingly reject the fog theory, &c, and endeavour to 
trace the error of his com pass to its rtal cause. 

Again, it c&n confidently he aaserted that tbundervtorm» pro- 
duce no effect whateve? on the com pass, milesa, sndeed, the »hip* 
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hüll should actually be danmged by lightning—which, common 
though it be in the case of wooden vessels, appears to be impossible damage 
with iron ones, as there is 110 instance on record of such a thing 
having happened, though there are numerous instances of their 
masts—wheo not of iron—having been rent and shattered like 
match-woodL Iron is a good conductor, but water is still better; 
the iron ship, therefore, when struck by lightning, gives the 
electric fluid a free and speedy passage to the water, where it is 
at once hariulessly dissipatecL Wood, on the contrary, 13 a non- 
conductor, and suffers accordingly 

The proximity of the vessel to land of volcanic origin is Magnetic 
supposed by soine seamcn to influence the compass. It is true 
that many masses of rock are intensely magnetic, and affeet the 
compass tnost powerfully if placed sußciently near to them ; 
but it has been ascertaiued, beyond a doubt, that such land eauses 
no disturbance of the compassea aboard ship, as they are entirety 
beyond ita influence at the distauee vessels are usually navigated 
froin the shore. 

From time to time one hears extremely foolish accounts of 
vessels being wrecked through the attraction of land. The writer 
recollects one in particular—the ioss, some few years ago, of a 
steamer, near Cape Santa Maria, in the River Plate—which vras 
attributed by some sage newspaper correspondent to the effecfc of sinb&dui® 
a supposed magnetic hill in the vicinity of the wreck. As 
matter of fact, the vessel was lost through ignorance of the North- 
Easterly current, which invariably runs on that coast with great 
strength during a Pampera 

Anyone can test theae points for himselt In thick fogs it is 
often beautifully clear above, so that ft time azimuths u can readily 
Iwj taken of sun, moon, or stars, which can be repeated after the 
fog has cleared off; and these observations c&n agaln be coinpared 
with those taken on the mme courm a short time previous to the 
fog setting in. In Üke manuer, when passing close to Islands obsemtioiiB 
kuown to be magnetic—such as St Helena, or the Salvages—a anTULg *° s ' 
series of azimuths would do more to convince the sceptic than any 
auiount of writing on the subjeck 

It may be stated therefore—in the most positive man wer— 
that neither mechanicaLly nor magnetimlly does fog affeet the 
compass. 

The writer would wisli it understood that the foregoing remarks 
are based entirely 011 bis own experience, quite irrespective of 
siiiiilar Statements rnade by welbknown authorities; and in every 
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in,stance most careful experiments were mstituted to confirm or 
disprove all such theories. 

In a large vessel where, togain power, the wheel ia of consider- 
ahle di am eter—say 7 feet or upwards —tim steering com passen 
are absolutely necessary, each so placed, to starboard and port, 
that the helmsmim niay have the oompaas directly in front of 
him, no matter at which skle of the wheel he may be standing. 
If there should happen to be but one cnmpass, an error, duc to 
parallax, will be introduced in the course. Looking at the com- 
pass in an oblique direetion causes an apparent change in the 
relative positions of the lubberdine and the marginal divisions of 
the card—the greater the clearance between the edge of the card 
and the com pass bowl, the greater the error. Unless the heims- 
man can get the centre of the card and the lubber-point in one 
with bis course, he is sure to steer to one side of it Where, from 
the inconvenient closeness of a skylight, stanchion, or other «leck 
fixture, a single midship compass is onavoidably placed very near 
to the wheel, or is so placed because the steersman s sight will not 
definc the degrees at a greater distance, this error or parallactic 
displacement of the lubber-line is aggravated, arnounting fro- 
quently to a quarter of a point, Now, in a moderate day s ran 
of say 300 miles, in thick weather, this becomes a serious emt- 
sideration, as it afiecta the fihlp's posiüon at the eml of it to the 
tune of 15 miles. Hange the necessity for a compass directly 
facing the steersman, which should be as far dkfcant from him as 
inay be compatible with distinet vtsion ; and to this end its 
diameter ought not, in the case of a spirit compass, to be less than 
cleven inches. If constructed, however. ori the principle patented 
by Sir William Thomson, there would bo a great ad van tage in 
inereasmg the size to fifteen or even sixteen inchea* 

By placing the comp&ss as far forward of the wheel as ponUe^ 
it is läse within the influence of the iron spindle, tiller* rudder- 
heed» and utern-post, all of which in an iron vessel are powerfully 
niagnetia If, however, as is frequently the case now, the aftcr* 
wheelhonse should be constructed wholly of iron, with poaaibly 
an iron deck in addition, and steato eteering gcar, it seems certaiu 
that inudumrthy compensation by magnets must be extmnely 
rlifficult, and only to be accomplished after a lengtheued investi- 
gation of the nature of the iiiauy force« acting on the compasa 

ln s&iling veasels it is not uncommon to find an attompt maxie 

* Quito wwitJy Sir William Ununioii Km anutmotAd iMneh (twring («rnpMM* 
toliIch h«r« b«ß foudd by the «ritor Mid othor* to »vttdlffnt reiulu. 
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to remedy this liability to error, when steering with a single 
com pass in the midship line, by having the biimacle containing it 
made to slide over from side to side as required ; but it is easy to siidiag 
see that, even in a wooden ship, such an arrangeraent is far from BlI1Ilacl *® , 
advisable, as the iron spindle of the wheel must affect the compass 
in a different direction every time the latter is moved across. 
However, there is nothing likc Mal, and when the ship is in the 
graving dock, or at sea in a cahn, with perfectly smooth water, 
the sliding binnacle can be tried in both positions; but the result 
cannot be considered satisfaotory unless the experiment is tried 
with the ship’s head in different directum*. 

Now-a-days many large steamers are steered by steam; one 
man, with a miniature wheel about 30 inches in diameter, sufficing 
to control the movements of the vessels head. In this case one at* am 
compass is all that is neeessary, as the heims man Stands directly 
behind the wheel, the spindle and pedestal containing the Con¬ 
nections being immedintely on the fore side.* 

It is neeessary here to say a few words touching the fitlings, 
as, unless particularly specified, they are not always niade of brass. 

In one large mail steamer eomm&iided by the writer, the spindle 
of the wheel and vertical shafting communicating with the steam- 
steering engine were actually made of iron, though their enda 
carae within eeven inckes of the compass. How the maker had 
the hardihood to venture on such a petty economy, involving such 
serious consequences, it is difficult to say, The iron work alluded conceai&d 
to was enclosed in a brass pedestal, which would have concealed lrML 
it most effectually; but fortunately, before the ship was delivered 
to her owners, the matter was discovered and reported to the 
builders, who insisted upon the maker substituting a brass spindle 
and 8 feet of brass shafting for the iron. One cannot thercfore 
be too wide-awake in these things when looking after the finish 
of a new ship. 

In the sarne vessel there was a large teak skylight, alraost 
touching the wheelhouse on the foreeide; and to prevent the 
leaves of the skylight warping with the heat of the sun, one of 
the foremen eaused three iron brackets, or ötiffeners, to be screwed 
firmly on the under side of eaeh leaf, and was very rnuch astonisbed 
when told that every time the skylight rnight be opened or akut, 
that the compass in the wheelhouse would be affected to the 
extent of several degreea Nothing short of actual trial would 


Vidc Viagrami 12 and 13, page 
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convince him tliat such would be the ea-k,—bis argument being* 
that as the wooden Imlkhead of the wheelhouae intervened, tho 
iron hrackets could not possibly disturb the compftaa Howcver, 
the queatiou was set at rest soon after* wheu the compasses 
caoie down from the rnaker. The disturbance caused by 
upening aml shutling the skylight aiaounted ne&rly to half a 
point, so the after iron hrackets were removed, and brass mim 
aubsütuted. 

ln another large atcamer, also communded by the writer, the 
hcels o£ the main batch cargo derricks were iitted into suUstan tial 
iron slioeSj sh&ped somethiiig after the fashion of a t-uuiug fork, 
and connected by a piii to the lugs of the goose-neek in the 
usiial mauner. 

Koch ahne was four feet long, and firm ly secured to its derrick 
by a couple of stout iron bandfl driven tigbtly on over-alL This 
mode of Utting is good and strong, and every way superior to the 
common rag-bolt. Reference to the diagram facing this ]>age will 
show that the derricks were stepped on the forward break of the 
saloon deck-honse in such a manner, that when raised to plmnb 
the hatehway the upper ends of the shoes carne within ihre© feet 
six incheg of the wheelhonse compass, andon about the sarne level 
a s the card. 

Xow, as the iron ahocs were neatly Jet in flush with the snrfaco 
of the wood t and as moreover the derricks—from head to lieel— 
were phnteously smothered in mast-color pinnt, after the manner 
of stcamboaUs in general, it was not likeiy that auy one would 
readüy suspcct the preseoce of so dangerons and welbambushed 
an enemy. 

Un the 25th of October, 188— ( when going round from Polls- 
mouth to Liverpool, it was decided to try what eÖect would 
be produccd on the whoelhousc com pass by placing the derricks 
in their usual working position, The ahip at the time was 
souie teu inika to the west ward of the Rill of Portbtud, and 
tho eoursc steerod was West (uorr. mag ), Azimuths were taken 
witli the derricks in the two podtions aliewu in the diagruin, und 
tho differunce in thecompass between "derricks up" and "derricks 
down’ 1 amounted to no (cus than 18*111 Tho Bridge compass 
beiug wdl elevated, proved to be beyond the iuflucncc of the iron 
shoes, as it was not «ffectcd in the slightest degrec, Cati it bo 
wondered, then, that vrascls aro lost w ithout those in Charge beiug 
able to account for it Regular comparisona» at short lntervaU, 
Wtwccti the Standard and Stecring compass shutihl Ix» a ^Unding 
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rille on board ship, and would nmterially assiat in the detection 
of *' foggy" cases like the &bom # 

When a rag-holt is buried in the heart of the spar, it is even 
]ess likely to attract attention tban the shoe is. 

Many men fancy that by covering an iron stauchion with ean- 
vass, and then pamting it, or by sheathing it with brass or Muntz's 
metal, they can destroy, or rather shut off, its magnetic influence 
011 a compass; but tmfortunately tb is is totally impossibiß, As 
already stated in these pages, no substance bas ever beaa dis- 
eovered which will accomplish this, 

It cannot be too strongly impressed on the sailor s tnind that if 
a given pieee of iron produces, say ten degrees of effect, on a 
cotnpaÄS at a distance of three feet, it will produce preciaely the 
same effect if the space betvveen them should be built up solid 
with any non-magnetic material he ehooses to name. In “Evanss 
Etementary Manual” we are told:—" Magnetism exerts Ha influ¬ 
ence through all bodies, even the most dense. This is a remarkable 
pfüperty which is not possessed by light, heat, or electridty.” 

There appears to he a divcrsitv of opinion among shipbuilders 
as to the proper place for locating the steam-steeriug engine, 
Seme have it amidahip, on the tnain deck, just ander the fore- 
wheelhouse; whilst others prefer to place it in the after-wheel- 
house, where it is eontroHed from for ward by me ans of very 
simple shafting, leading aft linder the deck Allusion is here 
made to this only in so far as it bas to do with the compass, 
Where the engine is placed aft, it is possible at all events, to 
have the steering compass in the /ore-wheelhouse tolerably free 
from iron in its vicimty, and on this account, if on no other, it 
should be so placed. Fortunately this plan possesses meehanical 
as well as other advantages which renders its ultimate adoption 
a matter of certainty. 

Before quitting the subject of compasses, there are a few more 
points to be noted in connection with it In a ship fitted with a 
mast, tripod, or pole eomp&aa, it would be an excellent plan to 
consider it as the 11 Standard compass/' and the one on deck other- 
wise known by that name to be called the “ Navigating compass." 
Mast compaasea, when properly consLructed by experienced 
inakers, and well placed, are often very reliabla Thelr deviation 
is very small in amount, andmueh more constant than compasses 
nearar the hulL Nevertlieless they are apt tu defeat their object 

* Th« reuler need not worty o?er tb« blue nn d red *hiidj.rig just at prcattit, It will 
be fally «xpl*ined in tb« oh*pt«f on Compaq idjaitnuivt. 
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and abuse the confidence reposed in thom, if stupufly placeJ near 
wire rigging, iron caps or bands, iron stropped blocks, chain 
tyes, or haulyards, 

If* therefore, in a steamer, it should be decided to have a Umt 
compass (and in the writer's opinion no iron steam vessel should 
be without one), proper provision must be maile for it—the mast* 
of course, must be of wood, the rigging of rope, and the above 
precautions followed out to the letten 

The ship's course should always be sct by the ** Navigating 
compaas,” cftecked by the " Standard compaas/ 1 and referred to the 
ff Steering com pass 11 by a signal agreed upon, such as the whistle 
in general usc among officers. 

AU observations should be made by the Navigating compaaa 
It Is clcarly impracticable to aseertain the deviatton of tho 
Standard (mast) coinpass by direct observations, although it can 
be done very easily by a method described furtber on f under the 
heading of Friend's Pelorus, or still inore easily by comparisOU 
with anotber compass, the error of which has already been dctor- 
mineci. The saine applies to the steering com pass when inside a 
wheelhouse, 

Ei«TaUdCom^ Mast or pole eompasses require more looking aller than othem 
mmTrapidir For e3Cam ple, the inereased motion aloft causes extra wear and 
tear of the pivot point and jewelled cap* These should be ex* 
itmined at frequent iutervab, especiaily if the ship should he in 
a rough weatker trade , The magmfying glass found in all Sex¬ 
tant cases, and a fine sewing needle, serve to scrutinize the cap* 
If the stone Ls found to be tiawed, it should be at otice roplaced 
vith a spare one, of which several arc generaliy suppljed in a 
first outfit If the pivot point Ls broken or dulled, it can be 
touched up on the carpenter's oilstone. 

mapiAc^i In case the elevated compass should be mounted North Country 
f&shion—on a single pole, it is open to a special error* Vblt sea- 
man is thete wbo has not scen a spruee topgallaut-mast warp 
with a tropica! mn, until the sheavebole looked over one U>w or 
other, instead of right ahead ? In the case of the pole comp&aa, 
thift twisting of the supporting spar has frequently occurred, and 
without doubl will occur again ; and, as an inevit&ble ©onsequence» 
the lubber-Une is slewed to the right or left of its proper place, 
perhaps to aserious extent Agoinst this latter Source of error it 
is specially important to warn the navigator* To some it may 
ftppc nt nevdless to do so, but experience shows that iniaplaeed 
lubbcfdinct have escajieil detectiou for months, and in seine cases 
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years. The supporting spar of the Pole compass should there- 
fore be fashioned out of wood not liable to twist (red pine and 
teak appear to be suitable), and, as an additional preventative, it 
should be well coated with white paint mixed with raw oil, and all 
rents carefully puttied up. 

In one steamer, the brass band carrying the masthead compass General 
had been slewed out of position by the span of the after-hatch f 8 ?* 0 “ 8810 
cargo derrick, and had remained so for several voyagea The 
error in the place of the lubber-line due to this cause was 7°. It 
has come under the writer’s Observation that numerous vessels 
have been nearly lost through want of attention to this highly 
important matter. 

On taking command of a vessel about to proceed to sea, it 
should be one of the tirst duties of the captain to ascertain if 
the lubber point of his “ Navigating compass” be exactly in a 
true fore-and-aft line. In one instance, where the error from 
this cause amounted to 6°, a steamer was all but run ashore 
on the Arklow Bank during misty weather; and the vessel 
actually completed her voyage to the Brazils and back without 
the master discovering what was the matter, though his courses, 
day after day, must have conveyed to his mind that there was a 
screw loose somewhere. In another instance a line-of-battle ship, 
after shaping a course from Milford Haven to the Sevenstones, 
was found, at daybreak, to be miles outside the Scilly Islands. 

On investigation, the lubber-line of the “Navigating Compass” 
was discovercd to be 5° to port of the midship-line. 

Like a snake in the grass, this kind of error lies concealed, and oo-effldent a. 
canuot be dragged to light by azimuths or amplitudes, as these 
observations, unless treated in a mathematical manner, reveal only 
the errors of the card, and not those of the bowl * Pay strict 

* When the compass ia so situated as to make it difficult tu refer the lubber-line 
directly to the abip’s head, and it is suspected to be b&dly placed, its error may be 
▼ery closely determined: — Cartfully ascertain the deviation on the four Cardinal 
points, by comparison with the Standard or by the Pelorus, m&rking it + when 
easterly, and - when westerly. Add together those of a similar turne, Take 
the differenoe between the two amoonts thus found, retaining the sign of the greater, 
and divide it by 4. This remainder is known as the coefficient A, and, in a well made 
compass, is due for the most part to a misplaced lubber-line. When the sign is +, the 
lubber-line should be moved to the right. 

Deviation ship’s head north — 12° Head south + 2° 

„ „ east - 24° ,, west + 18° 

- 86 ° + 20 ° 

+ 20 ° 

4 )- 16° 

Coefficient A - 4° 
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attention, then, to this matter, as it is one of the " important eim- 
plicities 99 of navigation. When com pass bowls are being painted 
inside, see therefore, that the lubber-lines are not obliterated, and 
afterwards put in almost at random by some one ignorant of the 
mischief which may accrue from their carelessness. It is surely 
an easy task to paint close up to the lubber-line with a small 
camel-hair brush ; and, to avoid mistakes in reshipping the bowl, 
when temporarily removed from the binnacle for any purpoee, 
there should be only one lubber-line. This will prevent the poe- 
sibility of reversal in the gimbals. Com pass bowls are not unfre- 
quently marked with four lubber-lines, but what Service three of 
them render is not manifest The useless ones should be painted 
over at the earliest possible moment 

The reader must not iraagine that “ Pole Compasses ” are the 
only ones liable to this defect, which has been known to exist in 
“ Standard Compasses,” “ Steering Compasses,” and even “ Navi- 
gating Compasses.” When defcected, cover over the faulty line 
with two coats of thick white paint, and, with a black lead 
pencil, rule it carefully in again, in its proper place. Avoid 
making the line gouty, or too thick. 

It should be borne in mind by owners and others that a perfect 
compass is not the only want of the navigator. In fact, too much 
cannot be done by adopting improved nautical instruments of all 
kinds, so as to lessen the constant risk incidental to such an 
arduous, responsible, and hazardous profession. 



CHAPTER m. 

THE MARINE CHRONOMETER 

The days of navigating by a carpenter’s two-foot rule have 
gone by, and accurate time-keeping Chronometers are a necessity 
of the “lightning age” in which we live. Withont them the rapid 
ocean voyages, which are now of every-day occurrence, could not 
possibly be made, althongh the writer has heard it stated, in all 
seriousness, by non-nautical men, that the quick transit, from port 
to port, of the present ocean-express stearaers, obviates the neces¬ 
sity for carrying Chronometers!!! Such an idea, of course, could 
only be entertained by men entirely ignorant of the principles 
and requirements of navigation, and is scarcely in accordance 
with the steady increase in the establishment, all over the world, 
of Time-signals for the special use of shipping. 

It may be truly said that when Chronometers came in, lunars Ohron omete n 
went out—concerning the latter, something will appear in sub- WiuaLunAri 
seqnent pages. Of late years not only has the Chronometer been 
perfected in a high degree, as a reliable timekeeper, but its price 
has been reduced so low, by excessive and unhealthy competition, 
that to be without one, on any over-sea voyage, would be con- 
sidered almost criminal negligence. 

In the principal ports, both at home and abroad, the process of 
rating is rendered quite simple by means of public time-signals. W gT1 .i. 
In some places the exact time is given by gun-fire, and at others 
by the dropping of a ball, or the instantaneous collapse of a cone. 

No matter what may be the method employed, the result is the 
same, and he who is now ignorant of the error and performance 
of his Chronometers, cannot plead want of facilities for deter- 
mining them.* 

The almost universal introduction, both by land and sea, of the 
electric telegraph, has lately been much used for the better deter- 

* See Tftble of Standard Time-cignala on pagee 395-100. 
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nnnation of meridian distances. Observations of tlie Transit of 
Venus in 1874- and 1882 condtieed also fco thia end, as cert&in of 
them necessitated a knowledge of the exacfc longitude of aelected 
stationa which, uiitü thafc time, had been known only approxi« 
mately. In faet, it may be broadly asserfced» that there are now 
bufc few habitable spots on the globe of which the longitude is not 
known with suffident aceuracy for purposes of Navigation, 

Vessels destmed for long voyages should carry not fewer tban 
three Chronometers. If there &re only two, and one becomoa in- 
accurate, it is impoesible to decide which is in error, whereas, with 
the former nrnnber, and regulär daily comparimns, a tolerably 
correct judgment may be forme*! as to the going of eacln The 
only advautage, therefore, in carrying a second Chronometer lies iu 
the fact of having a stand-by in the case of aceident to ooe of 
them—such as the breaking of the mainspring, or other pari of 
the delicate meehanLsm. 

Chronometers should, if possible, be kept in a part of the vessel 
free from jars or muck coutinuous Vibration; not in the after-end 
of a serew-steamer, nor in proximity to a steam-winch; neither 
should it be permitted to roll heavy bales or cases along the deck 
in their vicinity. If, however, this last cannot be avoided, it would 
be well to remove the Chronometers from their outer cases for 
the time being, and bed them 011 soft feather pillowa, On no 
account should they be sluug in hammock* or cota wbilst at sea, 
as it has been fonnd to cause great irregularity in their per- 
fonnance. 

In rnost steamers of modern build there is a chart-roora on the 
upper deck, about the midships of the veasel, and Ulis, for tnany 
reasons, is a good placa ln the alxscncc of a chart-room the 
Captain s own cabin is, of course, the next best place ; und in this 
case it is wdl (in steamers) to have a fourth Chronometer in the 
second officer’s room, as a liack-watch for general use amotig the 
officers* If knockod about (so fco speak), it will probably not go 
so well as the others, but this is immaterial, as a com pari so n can 
bo tiiade at couvemenee with the Standard Instrument; iudeed it 
should bc ma.de every third or fourth day, and entered in a small 
böok kept in the unter cas© of the hack-watch, 

Chronometers are sometimes improperly stowed in one of the 
drawers of an ordinary «et intended original ly for clothing, &a 
This is n very bftd practica To give them fair play, they should 
have a «peeial mahogany box (as nearly air-tight as possible), 
htted with a streng glas» top, and divided by partitions» according 






STOWAGE OF CHRONOMETERS, 


2 7 

to the n umher carried—euch compartment being lined with green 
balze, and atuffed with best eurled hair, 

The Chronometers should be removed from their own outer Details of 
boxes, and the upper part of the double lid of the inner case dis- fltUngt 
pensed with by taking the screwa out of the hinges, so that the 
face of the Instrument may be seen through the glass where the 
rate paper is usually kept. Being duly deposited in their several 
receptacles, all three can be seen through the double glass, and, as 
the opening of the lids for time-takiug is rendered unnecessary, 
sudden fiuctuations of temperature are tliereby avoided, 

The only occasion upon w r hich the case requirea to be touched 
is in the morning, to wind and compare, w T hich should be dono 
with closed doors. 

In some first-class vessels, to protect the plate-glass top from 
the possibility of accidents, a substantial outer mahogany case is 
fitted over all If this wise precaution be taken, the reader wüll 
understand that the Chronometers are then in three distinct caaes 
—first, their own, with upper portion of the double top removed; 
the second, with stufled compartments and glass top; and the 
third, a strong outer shell entirely of hard wood* The steamships 
of the Pacific Steam Navigation Co., for example, have their 
time-keepers cared for in this way, and it is a plan well worthy 
of being general ly adop ted, 

To those not accus tomed to this arrangement, it may be con- 
sidered cumbersome, and likely to occupy more space than can 
usually be afibrded ; but such is not really the facfc, and too much 
paius cannot be taken to guard these valuahle Instruments from 
draughta , d*tmp f and dust In port, the Chronometers having 
first been remo% T ed, the inner case should be well dried in the 
sun, and me&na taken to prevent cockroaches from making it their 
Lome — rent free. A little camphor will do this. 

Experience has fully demonstrated that any sudden alteration chuigr* of 
r J f t rat® prlnd* 

in the rate of a Chronometer, which is otherwise fair ly treated, is paiiy due to 

more due to change of tempercUure than any other cause, The te^raniM. 
great aim, therefore, of Chronometer makers is so to adjust the 
relationship of the sevcral parts of the balance, that their ex* 
pansion and contraction may counteract the change of elasücity 
in the hairspring cauaed by change of temperature, Neverthelcss, 
there are very few instrumenta so perfectly compensated, that 
they may be depended upon to preserve exactly the saine rate, 
with a change of eveti 10° of temperature. How, then, can it be 
expected that a Chronometer will continue its H shop rate ” on a 
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voyage extcnding over, say four months, during which the teni- 
perature has rangcd bctween 40* and 85* Fahrenheit ? 

Mr. Arthur K Nevins, in a papcr read befere the Literary and 
Phälosophical Society of Liverpool, says 

" At present, Chronometer zn&kers allow no corrections npon tlie 
rate given for changes of tem perature—and the universal praetice 
at sea is to allow one rate for the voyage, whatever the teiu* 
perature may be—»apparently under the Impression that an 
ackuowledgment that such a correction is uecessary, would be 
equivalent to acknowledging that the instrument was a dofective 
ona The present inethod of cornpensating a marine Chronometer 
is not absolutely perfect, bnt still leaves the rate of the wateh 
subject to Variation», owing to changes of tcmperature; a id it is 
the infinite variety in amount and directiou of these changes 
of rate in different watehes* which Cfttises the instrumenta on 
board a ship to differ from euch other in the way they so 
frequently do. 

11 Every good witeb is, however, always atfected in the same 
way, and to the s&me amount, every time that it is exposed to 
the aame temperature, and the changes in watehes follow a tixed 
law; and knowing, from obaervatioo, bow they perform in certain 
temperaturcs, it fc poasible to calculate in what way they will 
perform in any other tcinperature to which they inay be exposotl 
Thls law was discovered by Mr. Hartimp, the Astronomer to the 
Heraey Docks and Harbour Board, ns the result of testing Up- 
wards of two thousaud w&tches which psased through bis hands 
at tho Liverpool Observatory—having been sent there by the 
makers to be tested and supplied with accurate ratea 

" Mr. Hartnup s laws are the following:— 

UL Every Chronometer goes fitstest («Le., gama muai or loses least) \n Mme 
certain tempern tu re, which bas to be calculnted for each Chronometer 
from the rate« thnt it makes in tbrce fixed teoipemtures; the lern- 
perature« iwh! at the Puls ton Observatory for tentiag wmtchea bring 
55*, 70% and 85* Fahrenheit 

SErnl Aa the temjieratum variea, rithcr incrcarinsf or deemtinf from that 
in which the wateh goee fsiitiat, the watch goe* ilowe?; and ita rata 
variea in the ratio of the sqimre of the dbtance in degree* of teniperuttii^ 
from ita maximum gainmg temperatum For exmttffe-Hlf a wntch goca 
fastest in terajirmtiire 75% it will go alower ne the tcinperature either 
neos above or falls below 75*; and it will go alowcr by tbe aame 
amount in any two tempenituree that are tbe aame dbtanee from 75*, 
one being above and tbe other below, aa in 05* and @5"—ooe being 
I0‘ below and the other 10* above 75*, 

" Tlie importanco of a knowledge of these facts in using 
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Chronometers is casily seen<* Supposing a ship bouiid to the 
southward h&s three Chronometers, d, B , and <7, and they arc all 
stellt to the sarne Chronometer maker to be rated, He givea the 
rate which these Chronometers have kept while in his shop at a 
me an temperatu re of, say 60We will further suppose that Ä dmmomäfcjrci 
goes fastest in tiü° f B in 7W*, and C in 80°. As the ship gets into 
warmer we&ther in approaching the tropica, nntil she gets into a 
temperature of 80* or more, A gradually goes slower and slow er 
all the time; B goes faster until the temperature rises to 7ö ö , and 
then com men ces to lose, going slower and slower as the tempera¬ 
ture increaaes more and inore; and C goes faster all the time 
until it reaches 80°, which is about as high a ateady temperature 
as will b© attained for any lengtli of time out at sea. 

* Now, for these three Chronometers to agree in showing the 
same longitude, it would be necessary for them all to keep 
steadily to the rates given them in England, or wherever they 
have been rated ; but if they do not keep to these rates, the longi- 
tudes indicated by them will dilier eontinually, and, by so doing, 
cause uncertainty and auxiety to the person using them, 

"There is another case which may also occur, and which is really 
more important than the one above mentioned. Ifc may happen, 
especially if all the Chronometers on board are by the same maker, 
that they all go fastest in about the same temperature Now, 
supposmg that all these went fastest in, say 80 and as in the 
above mentioned instance the rates of all of them were obtained 
in about 60° by the maker, they w ould all go stcadily faater thau 
the rates given as the we&ther got warmer, and would therefore 
all conti nue to indicat© nearlv, or exactly, corresponding longb 
indes, and these Ion gi tu des would all be wrang; but in this case 
the person using them would feel confideuce in bis position, and 
perhaps come tu harm unexpectedly/ 1 

Sir William Thomson, in his " Leeture on Navigation/ 1 pub- 
lished by William Colli ns, Sons & Co., London and Glasgow, gives 
the following example, illustrative of the great value of Hartnup'fi rat ob. 
method:— 

" A certain Chronometer, J* Bassnett & Son, No. 713, after being 
rated by Mr. Hartnup, was put on board the ship 1 Tenasaerim/ in 
Liverpool, December 1873, for a voyage to Calcutta, * , , , 

The ship sailed from Liverpool on the 2 Ist of Jarmary, 1874«, and 


* Kommen, u ft rulo, enUrtftm tha erriinuituB itlea timt a chrotiotaeter will ftUvsiys 
gftiii in flold 4ti»l tme in hot weMiier.— Lwty, 








30 


WIXDJNG CItBQXOMETERS. 


Toudoney of 
new Chrono¬ 
meter« to 
gain on tbelr 
rate. 


on her voyage the Chronometer was subjected to v&riations of 
temperature, ranging from 50’ to 90" The Chronometer waa 
tested by the Calcntta time-gun on the 2Gth of May. The üine 
reckoned by it J with correction for temperature on Hartnup’s plan, 
was found wrong by 8J seconda Another Chronometer, similarly 
corrected by Mn Hartnups method, and from his rating, gave an 
error of only 3| seconda * ♦ , - The reckonings of Greenwich 
time from the two Chronometers, accordi ng to the ordinary 
method, differed actually by 4- minufcee 35 seconds, corresponding 
to 68 j geographical milcs* of error for the ahips place/* 

Apart from conside rat Ions of temperature, most new Chrono¬ 
meters, however good, have a tendency to gajn gradtially on their 
rate; that is to say, if the mean gaining rate for two inonths be 
five-tentlis of a second per day, it will probably be seven-teoths 
or upwards in the next two months, and so ou. The cause of this 
is involvcd in somo mystery. It is supposed to be due to some 
molccular ehange in the material of the spring, which appemre at 
first to strengthen it It is also probably produced by a thick- 
ening of the lubricating oil, which tends to diminish the amplitude 
of Vibration of the balance, and ihm cause an acceleraüon of die 
rate* A good Chronometer, after its newneea has worn off, will 
sefctle down to a steady rate, depending upon teinperature. 

For the convenience of the navigator, ruleshave been formulated 
and tables compiled in Connection with this subject of rating for 
teinperature* The author has availed lnmself of Mr. Hartnup's 
kiod permission to insert them in the Appendix. 

Whcn it is intended to take acconnt of ehange of rate from 
changes of temperature, a maximuin and minimum therraometer 
should be kept in the Chronometer case, and the reading of their 
indicoN taken daily, and recorded in the Chronometer Journal at 
the time of com pari ng* 

In winding Chronometers, care should be exercised to perform 
ctoanonuwri the Operation steadUy, without any jerky action which might 
cnd&nger the chain. Most two-day watches require seven and a 
half turns of the key ( the motion is always left-handed, and the 
last turn should be made slowly, but steadily, and conti mied uniil 
themechanism is feit io butt , or, in other words, the Chronometer 
should always be wound as far os it will go. A catch, acting at 
the proper moment, prevents uudue stress being put upon the 
chain* 

Cases have occurred where, throngh fear of causing injury, the 
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officer having Charge of the Chronometers bas neglected fco take 
the full number of turns, and the consequence has been that, affcer 
a time, the Chronometer has run down just before the usua) time 
of winding. The winding iudex on the face should prevent such 
a mishap, neverthcdess ifc bas oecurred* 

A Chronometer has fco be turncd "'face down ** to wind, and ifc 
must be eased back handsomely when the Operation is completed, 
and not allowed fco swing back with a jerk. This daily re verging 
of the watch is said to be a good thing, as it distributes the oil in 
tbe bearings* 

Furthermore, Chronometers should be wound punctually at the 
same hour every day , other wise an unused pari of the m umspring 
eomes into action, which, if badly adjusted, is atmost certain 
to produce an irregularity in the rate* For a similar reason it 
has been found that eight-day Chronometers do not preserve 
altogether the same rate throughout the entire weck ; that is to Two-day 
say, that (though other eonditions inay be the same) their daily Chronom ®* crB 
rate towards the end of the week will not agree with their daily 
rate at the commenceinent of it; not with stauding which, the 
mmn rates of two consecutive weeks may agree exactly. On 
aecount also of the lightness of the balance, eight^day Chrono¬ 
meters do not go so well on board steamers which suffer much 
Vibration from their machinery. 

1£ a Chronometer should rtm down tlirough neglect or other wbeu run 
cause, on being wound up again it will probably not start tili it to &a. T What 
has been quickly, but not violently , slued half round and back 
agairn This is easily done by placing the Instrument on the table 
and turning it horizontal ly between the hands. 

When a Chronometer has run down, do not immediately wind 
it up and inove the hands to the proper time, but waifc tili the 
Greenwich Mean Time by soine other Chronometer corresponds 
nearly with what thft hands of the stopped one point to, then wind 
it up, and start it at the right instant* I£ this is neatly done, it 
is possible to set it going within a second or two of GMT* 

Altering the hands of a Chronometer does not necessarily hurt 
the Instrument, but it is not advisabU for any but a skilled person 
to do it; nor does it inevitably follow that, because a Chronometer 
has been allowed to run down for a few hours, its rate will alter* uredonifur 
The writer's experience of half a do2en instances goes to show p®**® 1 ™ 110 ®- 
that it wiil re raain much as before. 

In such a dclicate ptece of mechanistn, small and totally un- 
iooked for causes will sometimes operate to deräuge the rate very 
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ßid© pUy ta considerablj ; for exainple, too much side-play in the gimbals will 

^ Unh ^ J> have this effect A Chronometer loosely hung may go with 
beautiful regularity in port, and astonish its owner by its after 
performance sea ; therefore, when the vessel is rolling consider- 
ably, the Chronometers should be watched to see that they do not 
go over in the gimbals with ajerk; if they do, the gimbala must 
be tightened up until the jerk is no longer perceptible. On the 
other hand, do not jam the free movement of the Instrument* Too 
little play is almost as bad as too much, 

The weiter on oue occaadon found bis favourite time-keeper very 
wild in its rate, and for a Long time he was at a loss to account for 
it However, one day, when the vessel was going along in a heavy 
beam sea, he noticed the lateral play in the gimboH and at ouce 
concluded that therein lay the cause of the trouble, which proved 
to be the case* When this was remedied (a very simple matter 
for a man whose fingers are not all thurnbs), the Chronometer 
resumed its formet good beim v km r* 

m ignatiaa- On another occaeion, whüst loading in the tiers at Pernatnbueo, 

BAianc*, the master of au iron barque, lyiog alongfiide, nsked the writer to 
step on board, and look at a Chronometer which he couiplained of 
as going in a most erratic nianner eversince the %'essei's arrival in 
port After due examination of the works with the magnifying 
glass out of the sextant case, nothing could be discovered to 
account for the vagaries of the Instrument It was only when 
leaving the cabin that it occurred to the writer to ask what was 
in the square wooden box lyiiig close agahtst tHe Chronometer 
couiplained of* The cat was let out of the bag when the master 
of the barquc ixmocently explained that it was his Standard 
co in pass, which he had unshipped and placod below for greater 
aecurity wliilst in porl The powerful com pass needlös had by 
induction magnetizcd the Steel portion of the balano% and ruined 
the going of the Chronometer, 

Car* m **)<**- For siiuilar reasons great care should be taken not to stow tho 

Ing pi&c* for , 

carpDomotor* Chronometers eit her dose figainat an iron imtkhead, an iron ship a 
aide, the upper or lower cnd of a vertical iron stnnchion, or with in 
8 feet of cotupass compensating magneta Nor should the Chrono¬ 
meter case be aerewed down to a table containing drawera which 
mighi be used to hold spare com pass c&rda, or even, in excepticm&l 
cases, a horae-ahoe inagnet Such things arc ofteu done un- 
wittmgly, and the ilbtt&ed Chronometer condenmed an a wurthleas 
Instrument, when in faci the Uhu rtsted entirely with its 
owner. 
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Beware also of compass and Chronometer inakers who mix 
these Instruments fcogether in their shops as if thcy were so many 
pots and pans* 

In many steamers the chart-room or eaptain's cabio is iinmedi- 
afcely abaft the fore wheelhouse, with wbieh it communicates by 
a door or window. Should the Chronometers happen to be stowcd 
oü a shelf or in a case on the fore aide of this chart-room, they 
will probably be too ncar to the adjusting magnets of the wheel- 
house compasa 

As already stated, the mere fact of a bulkhead separating them 
wou’t stop the misehief in the alightest dcgree, 

Again, in many poop-decked steamers the Captains cabin ia Avoia bidden 
at the fore-end of the poop, with Windows looking out on the “ 0IL 
niain deck, and most likely the Chief Officer occupiea a similarly 
situated one on the opposite side, Now, it very alten happe ns in 
steamers of the dass alluded to, that to resist the effeets of the 
sea, the transversa bulkhead forming the fore-end of the poop is 
constructed of iron, and sheathed with wuod, to give it a finish. 

Of course it i s lined inside also, and so the captain, uneonscious of 
the misehief likely to ensue, may stow bis Chronometer close up 
against the concealed iron* 

Chronometers should be kept away from iron almost as reli- 
giously as compasses. 

In modern vessels, where iron is fast supersedmg wood in cabin 
as well as in deck fittings, it is sometiines exceedingly difficult to 
select a really good place für the time-keepera Very often it is 
'* Hobaou’s choice ;*■ neyert heless these matters should receive full 
cousideration, if the vessel ia to go stifdy. From the foregoing 
causes alone, the “Shore-rate 1 * and the “Sca-rate” will seldom 
ngree. It is advisable, therefüre, that when praeticable, Chrono¬ 
meters should be rated on board, in the positions they are intended 
to occupy during the voyage. As befere rewarked, tiiere aTe 
inany facibties, such as time-guns and time-balls, for effecting it 

Chronometers, when received on board previous to sailing, 
should be compared with euch other, and the respective errors comp S arison r 
and rates applied to each, to note if they agree in their Greenwich 
Mean Time* This may seem a very ucediess precaution, but the 
propriety of it has twiee beeil mode apporent to the writcr; and 
wbat has oeeurred to one may happen to others also. 

Suppose that this matter of com pari ng be neglccted, and that 
there should be only two Chronometers on board; suppose further, 
that a WTong original error hasbeen given with onc of them (suy, 
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tö the ex teilt of one miaute), and that the vessel proceeds to aea 
with dirty weather, and perhaps is several days out before getting 
sigkts ; then, when the comparison is made, the navigator find» to 
his dismay that bis Chronometer» differ frorn euch otber to the 
cxtent of a quarterof a degree of longtitnda The Demi Reckon- 
ing cannot help him—iudeed, if it were depended upon t it might 
just double the error. The otily thing left to be done is to 
make some well-known point of land as aoon as possibie, take 
careful rights, and tind out whieh Chronometer is at fault. 

If yon intend passing dose to an Island for this purpose, du not 
go on the aide which will bring the land betwecn you and the 
stm, or ivhet'e will t/our horizon he f Always think bcforehand of 
the necessities of the case. 

As few merchant vessels carry more than three Chronometers, 
that number will be adopted in treating of the proper mode of 
in&king the daily eomparisons. For brevity, the several instru¬ 
menta should be known by letters, instead of the makera nutnbera 
The letter should be marked ori a small slip of paper, and gummed 
conspicuously on the outside of Chronometer case. For exarnple, 
when standing facing them, the left-hand Chronometer rnight be 
called A, the middle one B s . and the right-kand one C r —everything, 
when possible, being taken in its naiv, ral onler or sequenoc. 

An excellent form of Chronometer joumal is appcnded, and 
reference to it will shew that ihres Chronometer» enable ihres 
different comparison» to be made—the last being a check lipon 
the other» ; for ex&mple, A is eompared with B; B with 0 ; und 
A with 0, These compniisons should not be made rinmltaneoiiriy 
by three different obsetvers, which h the common inethod oa 
board »hip; m it is impo&nbU by it to attuin the neceas&ry 
accuracy. All the comparison» must he made by one individual, 
and a fortmght 1 » practice, or at tnosfc a muxitk'», will enable hiui to 
effcct Ibis to Ute tenUk of a aeeond. Wken we considcr how small 
a portion of time ia rvpicaented by such a rniimte di visiou, it i» 
uot improbable that some may feel incrcdulous as to the practi- 
cability of astimatiug it corroctly. But after the prelimlnary 
drill with the method about to be indicated, the doubter» will be 
able to assure themseives that not only is it uot imposrible, but 
that with eure it is auffieicutly easy. 

ln alt obaorvatoncs on dior^ the astronomer and his s^L^UoU 
are in the coustant habit of Splitting «teüths“ with wondcrful 
preciaion, and it may iiitcreat the reader to know tliat tbcre ar© 
im’cluitncoJ coutriviiatx's for dividing n aecond of time even int« 
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one thousand parts. As these do not enter into the practice of 
navigation, a description of them in these pages would be out of 
place. 

To compare accurately, the operator, being quite alone, should How to 
close both Windows and doors, so as to exclude noise. Having pitiSml 
opened the outer cases, he should make ready with book and 
pencil for the first comparison, by opening the inner case of A, 
which will allow its ticking to be distinctly heard, whilst B is 
regarded through its glass lid. 

It will be perceived by the reader that the Operation is per- 
formed by the delicate relationship or sympathy existing between 
the eye and ear. A will be heard, and B will be seen. 

Now, look steadily at A, and mentally count with it, assisting 
by a quick motion of the hand corresponding to every half-second 
beat Having got well into the swing or rhythm of the beats, and 
decided to ‘‘stop,” say, at 60s (the even minute); remove the eye 
to B when A' s second-hand has got to 52s. or 53s., keeping the 
sound of each half-beat still in your ears, and the hand going with 
it When you have arrived by sound at 60s. (your chosen 
“ stopping ” point) the eye will enable you to decide upon the 
number of seconds and parts of a second shewn by B. 

The other two comparisons will be made in a precisely similar 
manner. Of course in actual practice you note down beforehand 
the hour and even minute, by the open Chronometer, at which you 
intend to “ stop,” or compare with the closed one; also, note the 
hour of the latter, and when proficient, the minute can also be 
noted, leaving only the seconds and tenths for the comparison. 

The beginner, after a few trials by himself, will soon drop into 
the way of comparing with accuracy, and will congratulate 
himself upon being independent of outside aid, whenever he may 
wish to do so. 

Having in this manner compared all three Chronometers, A 
with B, B with C, and A with 0, accuracy of the result can, 
in a measure, be tested by comparing the interval between A 
and 0, with the sum or difference, as the case may be, of the 
other two intervals, for example— (yide Form of Chronometer 
Journal) on ® May 18th we have 


H. M. 0. 

Time by Chnm. A 2 31 0o*0 
» „ B 2 12 89*4 


H. M. 0. 

Chr. B 2 15 00*0 
„ C 2 14 6*4 


H. M. 0. 

Chr. A 2 36 00*0 
„ C 2 16 44-8 


Interval 18 20*6 


Interval 0 54*6 


Interval 19 15*2 
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Here 18m, 20‘Gs, added to Ohl 54'Gs, gives 19m, 15‘2a, equal to 
the iutervaJ between A and <7, from whieh it may be assumed 
the comparisons have been aecurately made, althougli, strictly 
speaking, auch b by na means a certainty. 

Chauvenet, in bis valuable work on Spherical and Practica! 
Astronom}*, says— 

** When two Chronometers are comparcd whieh keep the same 
kind of time, and both of whieh beat balf-seconds, it will mostly 
happen that the beata of the two Instruments are not synchronen $, 
but one will fall alter the other by a certain fraction of a beafc, 
whieh will be pretty nearly constant, and must be estimated by 
the ear* This estimate may be made within half a beat, or a 
quarter of a second, without difficulty; but it requires much 
practice to estimate the fraction within Ols. with certainty. But 
jf a mean time or Solar Chronometer is compared with a Sidereal 
Chronometer, their difference may be obtained with ease within enrcaometon 
one-twentutk of a second Since la sidereal time is less than la 
mean time, the beata of the Sidereal Chronometer will not remain 
at a constant fraction behind tbose of the Solar Chronometer, but 
will gradually gain on thera, so tbat at certain times they will 
be coincident 

"NoWj if the comparison be made at the time this coincidence 
occurs, there will be no fraction for the ear to estimate, and the 
ditTereuce of the two instrumenta at this time will be obtained 
cxactly The only error will be that whieh arisea from judging 
the beata to be in coincidence when they are really separate by a 
small fraction, and it is found that the ear will easüy distinguish 
the beata as not synchronons so long as they differ by as much m 
ÖÖ5& (half-a-tenth); consequently, the comparison is aecurately 
obtained within tbat quantity Indeed with practice it is obtained 
within 0*033, or eveu 0*02s, Now, since Is, sidereal time —0‘99727s* 
inean time, the Sidereal Chronometer gains 0*Q0273s. on the Solar 
Chronometer in 1&; and therefore it gains 0*5s, in 1S3&, or very 
nearly 3m,; hence, once every threc minutes the two Chronometers 
will beat together, When this is about to occur, the observer 
begins to count the seconds of one Chronometer, while he direct« 
bis eye to the other; when he no longer perceives any differeiico 
in the beata, he notes the eorrespouding half-seconds of tho two 
instrumenta” 

It follows that when two Solar Chronometers arc to be com¬ 
parcd, it will in general be most aecurately dono by com par i ng 
each with a Sidereal Chronometer by coincident beataj and after- 
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wank reducing the comparkons. It k not likely that the ordinary 
navig&tor will possess a Sidereal Chronometer, but the method is 
iütrodueed here as likely to prove interesting, and to shew what 
ca?i be dona 

It hm been al ready stated thatChronometers should be corapared 
daily, and with methodical regulnrity,and the proper entries in ade 
in a hook known as the Chronometer Journal* The writer has 
for many ye&rs uaed the form given at page 3Ö, and it k so seif ex- 
planatory that very little more is requisite, The ' 2nd difference** 
k merely the diftaranct between the qu&ntities for any two con- 
secutive days in the coluurn headed "ist different & J> Thus, in the 
comparkon of A with ß, oti May löth the "Ist differeace" k ISm, 
20 Ös, and on May 11) th is 18rn, 2ä'4s.; the di Here nee between 
these two k 4*8& f and, as the one Chronometer k gaining and the 
other fosing, it ought to be equal to the «um of their daily rates 
As A *s rate k + l Ga, and ff& — 31s,, the sum 4 7s shows a dk- 
similarity of only one-tenth of a secoml 

In the easc of the w 2nd difference " of B and C = Tis, as fcofA 
these Chronometers are Iptffiy, it ought to be equal to tho diffe r- 
enc* of their daily rates, which happens exactly to be the ease. 

Of course, if two Chronometers were hoth gaining, the * 2nd 
difference” would in liko manner be equal to the difference of 
their daily ratea. But when their rates are going in r^/xW/a 
directions, the arnount in the " 2nd difference'* column ought to 
be equal to their mm. 

By scrutiniziog the Journal day by day, a fair judgment may 
be formed of how the Chronometers are behaving. In the event 
of the u 2nd difference" not agreeing with the daily rates, acanful 
mmlysis of the comparkons and record of temperatures» com bin cd 
with a consideration of the respectivo mente of the instrumenta, 
may euable one to form a protty just estioiate of the valuc and 
direction of the change, For inst&uce, if A does not agree with 
A nor yet with C t but if B and C run well together, the inference 
that A has gone wrong would be a re&son&Ue one, especially if 
A h&ppened to be an old offetider* In any case the navigator is 
put upon Ins guard t which k always somelhing. 

At the Bidston Observatory, near Liverpool, any master sailing 

* It i» nut uno iMn to »eo Ute error of * ^ruttotueter mirkod ojipfnii* e«ch 
otj the ntaiyta of the j for tb« m* otb, in the N*utic*l Altu*iwc. TLie, to the 
mUrnatiuD uf »ooii pe^jile, tn*y b« ° h&iitly/* ftnd ia ft uint it U ; but on * 

vuy*ge i projeriy Wjt " Jouruftl * wouM Uk m> re khip^cliftpe ftnd bujinvat-fike, quita 
ii«d frtim the qiidtiuu of uuJity. 
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out of the port can have his Chronometer rated for temperature* natin# for 
The tim© requisite is «ix weeks, and on leaving, a paper accom- amdstoa^ 
]*anies tbe Chronometer shewing its performance for eveiy 5° of Otowrmtory, 
temperature between 45° and 95°; so that if the reeommendation 
be attended to concerning the advisability of keeping a maximum 
and mmimum thermometer in tbe case with tbe Chronometers, 
and the rate alte red to suit as often as necesaary, tbe navigator 
can make sure of bis Greenwich time within a few seconds, after 
& lapse of some montha.* The Observatory temperature rates 
can be copied out on any of the hdVhand pages of the Journal, all 
of which are headed * Remarks ” and ruled in faint blue lines* 

In the specimen pageof the Journal just given, it will be noticed 
that for coneiseness, it is only drawn up for four days; but In 
ordering one simüar, the printer should be instrueted to make the 
page deep eitough to contain a week’s work ; also to leave an inch 
and a-half of space at the bottom for adding up and gctting th© 
mmn of the "second dlfferenees w and temperatures, so as to 
adjust the rat es in aecordance with their indications, 

Wbenever the errors and ratea have been ascertained afresh by 
Observation, the proper cntries corresponding to the given dato 
should be tnade in red ink, so as to be easily found for reference. Red ick 
The winding and comparing ought to be invariably done by one 
person, In large Mail Steamship Companies* the seeond officer is 
generaUy cöostituted the “ Navigating officer/' and, as euch, lins 
Charge of the Chronometers. It is bis duty every morning to 
make formal re port to the commauder that they have been 
attended to, It would be easy to devise a plan suitable to any 
particular «hip, whereby it would become impossible to neglect 
tliis important duty. In some men-of-war, the crew eannot be 
pipcd to their mid-day meal until the Chronometers have been 
reported In & merchant veasel it is usual to wind them in tbe unnding an d 
morning. But whatever the time fixed upon, there should be a comparing 
certain formal ity oheerved, which eould not be omitted without H&vigatla^ 
iure and speedy detection.f 0fflcer - 

These sensitive instrumenta cannot receive toomuch care, for it 
is perfectly wonderful what apparently insignificaiit canses will 
aometimes atfect them. Many yeart* ago the writer owned two 
very valmible Chronometers, which he highly prized, as their 
performance had been rnost satisfactory, On a passage home 

* Fee Apptudir A. 

f A E*rd, with the wordn “ ÜVind Chrtjnmniden " priuted or writU-n on il, might be 
Imjd on the CAptiizfft platt by the nie wa rd tfety mortdng At bruakfast time* 
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frora the River Plate they both c&me to grief quite uncxpcctedly, 
Comparisons with a third time-keeper, kept in the seeond officA a 
room, and observations on shore at St Vincent shewed that they 
had taken up a prodigioua losing rate, which grew day by day 
until on arrival at Liverpool it amounted to 20 and 25 seconds* 
Examin ation by the tnaker discloaed the annoying fact, that th© 
s| »rings and other Steel portiona of the works were thickly pitted 
with rust Now, the Captain*« rooin was situated directly over 
the niain hold, which on that partieular passngo happened to be 
stnwed full of aalted Lides. The coat of the maat, which came up 
through one Corner of the Cabin, had worked adriffc on the side 
which was hklden from view, and the only inference to be drown 
was, that the sali steam from the hold had penetrated to the me- 
chanism, with the unfortunate result al ready luentiooed. Thougb 
thoroughly clean cd and u re-sprung" they never went so well 
again* 

Jolting in a railway train, or a conveyance of any description, 
is liable to alter the steady going of a Chronometer. The quick 
to a propelled by oars is still more likelj p to provc in- 

j urious, If, therefore, a Chronometer Las to be taken from one plae© 
to onother in a pulling boat, it should be hold free in the hand by 
the leather strap, taking care to avoid a circular motion. When 
travelling by train place it on a pile of overcoats or railway rugs, 
in such a position that it will not fall The principal cause, 
however, of a Chronometer altenng its rate when reasonable care 
has beeil taken of it f is chanf/e of Umperature, 

ln Connection with thia subject of tough carriage, the reader 
sliould knnw that a Chronometer is exposed to a variety of midiap© 
which are very little understood except by * the trade. 11 —For 
example, when the locking^pring of the escapement is too weak, 
it is possible for two teeth of the u scape-wlicel" (instead of only 
one) to pass the locking-pallefc during a single Vibration of 
the halance. This is cnlted 11 tfipping/* and it is evident that in 
this way a Chronometer inay gain several seconds in a vcry short 
space of time, to the complete niystifi cation of whoever haa to 
do will» it, onle&s he Lappens to be posted in respcct of thia 
peculiarity. 

Tripping may occur also through a worn #< scape-wheel/ 1 the 
pallet-atone being hadJy »et, or the scvernl parts not behtg 
rdatively in good adjustment. 

On the other hand, sliould the locking-sprijig he too strong, th© 
pallct will not get buck »uflieiently to rclcase th© , * J acnpo-wheei > " 


u Tripping * 
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and the Chronometer will not go at all, or if it does eondeseend to do 
so, will only move by fits and starts. Of course the maker wonld 
never let an instrument leave hia hands in such a plight, but it 
is mentioned to skew the refinement of skill which is necessary in 
the maaufacture and adjustment of such delicate mechanism. 

Again,—owing to the axis of the balanoe-wheel being but 
elender, a sudden jerk may beml it or break the extremely fine 
pivot-points, a misfortune which at once puts the Chronometer ‘*out 
of action 9f tili the damage has been repaired, 

Before removing it from its outer case to carry it anywhere, N*o 6 asity for 
a Chronometer shouhl be stayed, otherwise the instrument is apt c^nometerft 
to capsize in the gimbata, and when the inner case is next opened, provioua to 
to astonisb the individual who has carried it by bis Unding the 
XII next to bimse!f, instead of facing him on the far side as usual 
Incredibleas it raay appear, the writer knew an officer, who, to 
bis consternation, got a Chronometer into this very sarae fix, and 
worse than all, neither knew how it happened, nor what to do to 
get it back into its original posifcion. 

The poiaing of a Chronometer in the gimbals has a very great polst nga, 
influence on its rata. This can be tested on »höre by staying the 
Chronometer and keeping the case on its side for three or four days rnmbaia* 
with the XII up, Next try it with the III, VI, and IX up, and 
it will be fonud that the rate in eacb case will be different to 
what it was when the Chronometer had a horizontal positiniL 
The more expensive pocket watches are adjusted for any position, 
but marine Chronometers are intended alw&ys to be kept strictly 
horizontal, with the face up« 

Experience has proved that Chronometers, with the worda 
** Auxiliary compensation 11 engraved upon their face, are not one Amm&rf 
whifc better than thase fitted with the ordinary balanee, Without Comp0nJatlOQ 
this knowledge, a purehaser of one of these Instruments might 
fancy he was getting sometbing “very special" 

A caution will do no barm to those who, because an instrument cieaaing 
1 % going pretty well, allow mauy years to paas without having it c*™onuit#ra 
cleaned, It should be borne in mind that wear and tear 13 con~ 
stantly going on ; that the oil thickens, and eventually gets dried 
up; and that when this liappena, the pivots of the moving parts 
must necessarily grind themaelves away, and work diiFarenÜy to 
what is intended Never allow a Chronometer to rtm longer than 
four years, without giving it an overhanling at the hands of a 
first-rate workmam But if it is a new Instrument; it should be 
louked at after a year or eighteen months. 
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Be sure thut tlie man you give it to is a chrtmometer-mok^ 
and not a u*ateh or clue/omaker. Tbe lafcter may be very good aa 
such, and yet underatand veiy little about marine chronometera. 
Moreover, a large pcrctmtage of thoso who style themselvca 
Chronometer -makera are only chronometer-ae/Zera, as the Instru¬ 
ments are purchosed by them at trade price from the Wholesale 
maimfacturers If you know where to look for it, you can easdy 
find the manufacturer's private mark. 

In concluding tliis chapter, it may not come am iss to tbose 
desirous of pure Irnsing a reliable timekeeper to he told where to 
find it, and how to get it Many of the best makers send instru¬ 
menta to the Greenwich and Liverpool Observatorien to be testedl 
At both these iustitutiona their performance is subjected to a 
rigorous eross-examination, and a careftil record kept of their 
behaviour under various trying circumstancea, and extending over 
scveral raonths* The Greenwich trial is exclusively for the Royal 
Navy; but atBidston (Liverpool) the booksare always courtcoualy 
open for the inspection of those desirous of purehast ng ( and eort- 
sequently, it should be an easy matter to selecfc a good Instrument 
from the many befere you. When found, go at once to the maker, 
whoever he may be (even though bis naine slioold not be Poole or 
Dcnt), and drive as good n bargarn with liim as you ean. Do 
not grudge an extra pound or two; you will save it in sleep on 
a voyage. 

The two best Chronometers the writer ever had the good fix tune 
to tneet with were obtalned by lum in this mann er at the Liver¬ 
pool Observatory, Bidston HilL They were selected from a Inrgo 
11 umher, and curiously enough» were by the samt rnaker, and had 
eomecuÜm uumbera—a thing timt might not happen again in oue 
hu ndred yeata* 

* Th er© h no loo^er ft itock of Chronometer* for iftl* at liid*tou Ubtervatury; tu. 
before purchft*mg in Liverpool ( it' een ftlway« be itipulmted thit tb« itiBtrntnetit 
be «o»t to Biditoa to be tented,— 4 b*t u to uy, tf Ute intrtuhii^ purebawr cur aflonj 
tbe Üuir, Für ex.AEnple, wUen * vcwl m Wiog built, tbe owtier know« ibat «ho will 
ctquin» to be fiiruij»h«d with Chronometer*, If p ifaen, be reqtie«U liU cUrnnnnaetfr- 
tii*krr to ecad i nrUiu number to tbe Btdatoti Obwrvuiflty for triel, the nr ri —mj 
an©« am be «electcd when tbe reciel U ncedj für «oft, and be will enjoy üie hui« pri* 
ule^o ft« tbe Admirftlty l»vn, für m*u| >eam {mit, by in «an« of tbeir fttinuftl U«t of 
ehrvtkoawUT* it ihe Greoawkb Obeerefttory. It by »o mofttu Ulawi tiiot, beeftute 1 
pimii bft» iuftde « chrotiteneUr wliiclt b» l««n piircbM««! m & om by th« Admi- 
tftliy, eil «ub«et|iiet]t ehronometer» niftdo by biiu will be erjuallg good. Front in 
««ftfuittation of tbe pu!jlL«lt«d 14 Uftttf of CbxtJnomeUr« im trinl, for jmrebft«« by tbe 
Board of Adtnipftlly, et the ltuy»l Obeervotory, Unten wich/* it will be «een that tbe 
tnekor wbo h«* ft chfimputoter ftrat or 011 tbo 1 i»t m tbo onler of merit. akei m>i 

tiufiequotilly b;*« uiuikr lüX tbe bottom *»f tbe «eai« bt Tbk «Lew« tbe nreewity 
of U>uog tbe chluaumeWr» ibeuitehe«, imeprcUv» of the namei whkb tboy be«r. 






CHAPTER IV. 

THE SEXTANT. 

The Sextant, of all astronomical instrumenta,, is most especially 
adapted to the purpose of tke navigator, and for this reason it is 
incumbent upon him to render himself in every way familiär 
with its principle and make. 

The multitude are sometimes puzzled to know why a sextant 
(derived from the Latin word sextans , signifying the sixth of a 
circle) should be thus naraed, when it is capable of measuring 
angles up to 120*, or the third of a circle. 

If the posse8sor of one will but look at the arc, he will find out optioal 
by his eye alone that, as a matter of fact, it consists only of the 
sixth part of a circle. The optical principle upon which the 
Instrument is founded (that of double reflection), permits of half 
a degree of the arc being numbered and considered as a whole 
degree, Thus, in the sextant, what is really only an arc of 60°, 
is divided into 120 equal parts, each of which does duty as a 
degree. 

The instrument commonly known as a Quadrant is improperly Tbe Octant, 
so called. Though it is capable of measuring angles up to 90°^ 
the arc only consists of the eighth part of a circle, and, in accord- 
ance with the rule adopted in the former case, it should be termed 
an Octant. These terms, being at present opposed to each other, 
are a source of confusion, and should be rectified by abolishing the 
word Quadrant, and substituting Octant. Instruments capable of 
measuring angles up to 144° are in like manner termed Quintants. Quintana. 

The optical principle upon which the Sextant is founded is thus 
announced:— 

“ If a ray of light suffers two successive reflections in the same Statement of 
plane by two plane mirrors, the angle between the first and last 
direction of the ray is twice the angle of the mirrors.” Sextant. 



THE SEXTAST 


The following Illustration is taken from Hörschels Astronomy, 
page 103. ♦ 


p ^ 



Let AB be the lirab or graduated arc of a portion of a circle 
60° in extent, but divided into 120 equal parts. On the radius 
ttoToTiawof CB let a silvered plane glass D be fixed at right angles to the 
plane of the circle, and on the moveable radius CE let another 
such silvered glass C be fixed. 

The horizon glass D is permanently fixed parallel to AC, and 
only one-half of it is silvered, the other half allowing objects to 
be seen through it 

The Index glass C is wholly silvered, and its plane is parallel 
to the length of the moveable radius CE, at the extreroity ( E ) of 
which a vernier is placed to read off the divisions of the limb. 

On the radius A C is set a telescope F, through which any object 
Q may be seen by direct rays which pass through the unsilvered 
portion of the glass D, while another object P is seen through 
the same telescope by rays which, after reflection at C 9 have been 
thrown upon the silvered part of D % and are thence directed by 
a second reflection into the telescope. 

The two images so formed will both be seen in the field of 
view at once, and by moving the radius CE, will (if the reflectors 
be truly perpendicular to the plane of the circle) meet and pass 
over without obliterating each other. 

The motion, howover, is arrested when they meet, and at this 
point the angle included between the direction CP of one object» 


Pabliftheil by Loagtnaiui & Co. 
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und FQ of the other, is twice the angle EGA , included between 
the fixed and moveable radii GA, CE . 

Now the graduaüons of the iinib boing purposely made only 
half as di staut as would correspond to degreea, the arc AE, when 
read off m if the graduations were whole degrees, will in fact 
read double its real amount, and therefore the numbers so read 
off will express, not the angle EGA t but its double, whieh is the 
aßtual angle subtended by the objects** 

The navigator wbo takes a proper pride in bis work should 
possess a first-claes Sextant or Quintant, and a good Octant The 
jatter is fiilly equal to everyday work in the broad ocean, —for 
example, during the winter months in the North Atlantic, The 
delikate exactness of the other Instrument is quite thrown away 
when one can only get flying shots at the horizon, frorn the crest 
»f a üü-feet wava Showers of salt spray» with the clmnce of an 
jccasion&l knock, certainly seem leas suited to the Sextant than 
to its hardier and more humble relative, 

On the other band, for fine weatber use, for stars, Iunars, ob- 
servations on shore with artificial horizon, and for fixingthe ship'a 
position in the neighboorhood of land by angles, the Qüintant is 
unduubtedly the proper and only reliable instmment A good Car* tu 
Qüintant or Sextant costs moncy— and is worth it Unless you 
are a fair judge of one, it is as easy to be deceived in purchasing 
a sextant as in bnyitig a horse- The market is glutted with 
sextants made for sale* Every pawnbroker a window in a seaporfe 
town is half full of them. Some vendors even hold out the induce- 
ment in large type timt thetr instrumenta are “free frorn error." 

If indeed by accident such öbould happen to be the case at the 
moment of purchase, it need not be a matter of Spekulation how 
long they will remain so. The thing is absurd, and inight with 
equal ju&tice be said of a Chronometer or a patent log. 

The mtending purchaser shcnild speud half-an-hour or so in Pointa to b* 
satfefymg himself as to the following poinU* Avoid a sextant of &oUd ' 
less than 8 inches radiua, The divisions of a amaller Instrument 
are difficult to read, especially at night, and are not likely to be 
near so accurately cut, A 0 or 7-ineh sextant is of course some- 
wbatligbter to handle, but sailoiB are not women. 

Give the preference to a " pillar " sextant over one wbose frame« 
work is cast aü in one piece. 

* It can be eftMly tkmonutnkted tbat the angle EGA, between lern of tlio aru aml 
*epo of the Index vernler, in equal to the angle of the zduto» CED t wlikh ia all that 
U wAnted to ent* bl iah the Irutli of the theurcm givea »buve* 
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One of the eye-pieces of the inverting telescope sbould bave a 
tolerably high magnifying power—say H or 15 diametera, ns 
oontaets of the auns Jimbs in observations with tbe Artificial 
Huri zun arc casier made in proport ton to the size of tbe suos. 

Examina tbe vernier, in urder to see that its featber edge liea 
perfectly flusb with tbe face of tbe arc, other wise, by a sliglit 
aide movement of the eye to tbe right or left of a point exactly 
vertical to wbere the divisions “ cut/ 1 a false reading is obnuned, 
Thia b very likely to occur at night, when reading off by tbe light 
frum a sw inging lamp. 

An extended vemier, by whicb is meant a vernier wliose divi- 
sions are twice the diatance apart of tliose on the arc, ia now 
cotisidercd to be M tbe corroct thing," and ia a great help to accur&te 
reading. 

To tost the arc, place tlie zero of tbe vernier very c&refuüy at 
various divisions along the arc, and tben uote if the left haud 
divisioa of tbe vemier coincides exactly with one on the ara If 
the k t Um is oorrectly graduated, it sliould coineide in eveiy 
instand Cheap sextants won't stand this tesh 

A steel tangent-screw will not oidy last longer, but will work 
more evenly than a brass one. 

Coiorofüjdex The iudex and horizou glas« screens should be of neutral tint, 
flcre^i? 1011 ^ nstea< * °f re< ^* yellow, green, &e The various depths of shade 
correspond to tbe ihickness of the glass. The coloured a croem 
whicli screw on to the eye end of the telescopes should also be 
neutral tint 

Tbe front and back faecs of tbe iudex gl ms ougbt to be strictly 
T»*t for parallel to eaeh other. Thia can be tested by placing the sextanU 
on a table or other steady «apport, and looking oblique! y into the 
mror* mirror at tbe reflection of sorne distant objeck Tbe innige should 
bave fiharp and well defined edgea If tbey are at all MurmJ or 
indistmet, tbe glass is more or leas prismatic. 

Auother method of deteruüning thia is to examine the rcflected 
imnge of a star with tbe index sei to a reading of 120’ or liiere* 
abotxla The index gloss reflccts from its outer as well m froin iu 
silvered face, tbougb in a less degree, If the fuces are parallel, 
tbe rays from tbe star reflected from tbe two faces will be prtmÜcl 
after leaviug tbe glass; tbey will thereforo bo converged to tbe 
sauie foeus in tlie teleaeope, and produce but a single Image But 
if tbe glass is pmuiatiCj there will be two Images, a faiutcr Image 
sLpcnmposud upon tbe strenger one, and not quite coincideiit 
witb it. The star, tberefoie, will not sbew ns a well detined 
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point without sensible magnitude, whicii it ought to do if the 
glass were perfect 

Want of parallelism of the horizon-glass is of less consequence. 

It affects all angles (the index correction included) by the same 
quantity, and therefore produces no error in the results. 

Next, examine the coloured screens for the same defect. If their Te«t for 
faces are not ground parallel, the sextant will have a different screens. 
index error for each pair or combination of screens. Detection in 
thi8 case is easy. Make an accurate contact of the sun’s limbs, 
on or off the arc, as the case may be, using with the telescope one 
of the coloured screens belonging to it* Then, after discarding 
this screen from the telescope, turn down suitable combinations of 
the index and horizon screens, and see if the contact still remains 
perfect If not, make it so, and the difference between the first 
and last reading will be the error of that pair of screens, and so 
on for the remaindcr. 

In 8extants rnanufactured by Pistor and Martins, of Berlin, screens fltted 
the screens are so arranged as to admit of being instantaneously reT ® rBt * 
reversed; therefore, to eliminate the errors of these glasses, it is 
only necess&ry to take one half of a set of observations with one 
Position of the screens, and the other half with the reverse position. 

Imperfection in the coloured shade, just alluded to, which ships 
on to the eye-piece of the telescope, is of no particular importance, 
as the object and reflected image are affected alike, and the angle 
between them remains unchanged. 

Finally, the arc in a good sextant should be of platinum or gold, 
and the divisions both on it and the vernier should look fine and 
dean cut when viewed under the microscope. To ensure these 
reqoisites, purchase the instrument from a maker of repute. 

The index error should be found before and after all important Index Error, 
observations. At night it can be determined with great faciiity 
by means of a star of the 2nd or 3rd magnitude. Set the vernier 
a few minutes one side or other of zero, screw in the telescope 
and direct it to a suitable star, and by means of the slow-motion- 
screw bring the images exactly in one. The reading will be the 
index error, subtractive if on the arc, and additive if off the arc. 

As a star of the 3rd magnitude is a mere speck of light, the 
method admits of great accuracy, and will be found rrtuch lese 

• Captain Wharton, in his HydrographicaL Surveying , says :—“ Several dark eye. 
pieeee ahonld be provided, with neutral tint glass in them of different intensities. 

1*heae ahonld be fitted, not to screic on to tbe eye-piece, but ground conical, to slip or 
to a amiUr oonically ground surfaoe on the telescope eye-piece. 
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fatiguing to the eye tkan a simüar observaiion of the min, Tho 
reflected image should pass exactly over the direct oue; if it 
passes on either side of it, the horizon-glass is not perpendicular 
to the plane of the Instrument, and wants attending ta 
Index error It is a common practiee to ascertain the index error by the sea 
Hortjon* homon in a mariner similar to the foregoing, and the method is a 
correct one; but it will not work on shore where the top of some 
straight and level objeet Is employed to reprcsent the homon, 
unless the objeet so selected be at least half a mile distaui The 
iudex and horizon-glasses would subtend a sensible angle at the 
place of an objeet within that distanee; and, though the glusses 
should be parallel to each other, coincidence would not be cstuln 
lished between the reflected and true images. 

Beware, therefore, of self-styled optici&ns who are oecasionally 
to be seen at their shop doors adjusting sextauts by the roof of 
the housc opposita In doing so they betray their own ignorance 
as well as their customer’s confidenca Some one, with moro 
huinour than reverence, has suggestod the word “ Shopticiaa " as 
a fitting title for such men, Perhaps it is, 

The four adjustments, and the means of making them, are so 
lucidly explained in the various Epitomes of navigation, and they 
are so simple in theraselves, that it is quite unnecessary to waste 
spoce in treating of them herc; as a rule, a good Instrument, if 
ca r cf ul ly nursed, will rernain in sufficiently close adjusiment for 
an indefinite time, Some officcrs are never satisfied unless they 
are tinkering at the adjuatment of their sextants, and, as a conse* 
quence, the screws work slaek, and the sextaut does not remain 
correct for 24? hours on a streich—in fact, the more it is mcddled 
witb, the worse it gets 

Rsper is very emphatic on this matter. He says:— 

Raper'a "The adjusting screws are never to be touched cxcept from 

^cessity, and then with tho greatest posstble caution. Particular 
attention is culled to this point, because it is a common failing of 
'over handy gentlemcn; (to use Troughton’s language) to * tonnen t* 
their instrumenta, It is better tliat error should exist, providod 
it is allowed for nearly, tlian that mischiof should ensue to the 
Instrument from iguoraut attempts at a perfect adjustmeut; and 
the skilful observer, instead of implicitly depending upon the 
supposed perfection of bis Instrument, will endeavour to avail 
himself of those c&ses in which errors, if they exist, will destroj 
cach other/ 1 

If of a mechanical turn, howover, and real ly auxious to leura 
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the way a sextant is put together, tirst-rate practice can be had 
with a cheap second-hand one, which can be taken to pieces with 
impunity, put together again, and experimented upon in a variety 
of interesting ways: for instance, it would be instructive to 
determine by reversal, the error, if any, due to a prismatic form 
of the index and other glasses. The reflectors might also be 
resilvered according to Beichers method, as described in the 
Sailors’ Pocket Book. 

Iu case your sextant is not already fitted with a good “ star star 
telescope,” by all means get one. It will pick out the horizon on TeleÄ00 * # - 
a dark night when the unassisted eye would be in error several 
minutes of arc. Some men, after getting the star roughly down 
near the horizon, hold their sextant in one hand, and a binocular improper 
close np to it with the other, and then endeavour to perfect the 
contact. This is a bad plan, and to convince any one that it is 
so, let them try it with the sun in broad day-light. It is true the 
horizon is rendered much more distinct, but with every motion of 
the binocular the object will dance about—sometimes above the 
horizon, and sometimes below it. 

To ensure a correct altitude, the line of sight of the telescope 
used must be parallel to the plane of the instrument; this is termed 
* the line of collimationand it Ls abundantly evident that one 
cannot guarantee to effect this by guess-work, in the dark, with 
a pair of night-glasses held loosely in the hand. In table 54 of 
Raper’s Epitome will be found the amount of error corresponding 
to the altitude of the body observed, and the angle the telescope 
makes with the plane of the sextant.* 

It is also well to know that the error, due to the optical axis of 
the binocular not being held strictly parallel to the plane of the 
instrument, olways lies in the direction of making the altitude 
too great , so that those who incline to this mode of observing 
would do well to make allowance in accordance with the rule. 

For convenience of reference in case of a suspected mistake in 
reading off, the lid of the sextant case should be fitted to close 
with the index clamped at any part of the arc. 

Do not stow your sextant case in a drawer, or on an out-of-the- Mode of stow 
way shelf, from which a sudden jerk of the vessel might send it 
flying. Rather, get a brass band T V of an inch thick, and f of an 
inch broad. Let it be bevelled to fit three sides of the box a 
little better than half way up. Cover this with coloured flannel 
or wash leather, and screw it to the bulkhead in such a manner 
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THE ARTIFICIAL HOMZOX. 
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approaching the cushion, and again on rebounding from IL If th© 
ball be propdled from the bottom Z^-hand poeket, so that it 
strikes the exact centre of the top cusbion, it will return to the 
bottomnjAf-hand poeket All schoolboys are practica! ly familiär 
with it in the common game of hand-baJl, although sotoe of the 
younger ones rnay possibly never liave heard of the above nile 
relatiog to it 

The Artificial Horizon, in conjunction with the all important 
Sextant, ia of Service for aatronoinical observationa on sbore wheu 
the sea horizon is not obtainable, Even if the sea horizon wer© 
available, the artificial one possesses many advantages over it 
For ex&mple, the accuracy of all obscrvations taken with the sca 
horizon depends, in the first place, upoti a correct knowledge of 
the estiraated or measured height of the observers eye above the 
sea level, whereaa with the Artificial Horizon it is qnite im material 
what the height of the eye may be, as it dom not enter into the 
after calculatiort 

Secondly, owing to the uneertainty of the eflects of refraction, 
the apparent position of the sea horizon can never be depended 
upon. It is fomid to be aometimes above its normal place, and 
at others below it, The rule seeim to be, that wheti the sea is 
uüirmer tban the air ( the horizon appears bdow its mean place; 
and when the sea is colder than the air, the horizon appears abom 
its mean place, The known capriciomness of terrestrial refraction 
has prevented the formation of a table of values in comioctioti 
with tliis subject 

Celestial refraction also varics much, so that the tabular amount 
applied to the altitudea of heavenly bodioa may not at the time 
be the actual valuc, It i« important to arrive as neurly m 
possible at the correct thing. by using the auxiliary Table IIL of 
Norie’s Epitome, to correct the mean refraction given in Table IV. 
An Investigation of Table IIL will shew that the refraction ja 
greatest with a high barometer and low thermometer, 

Again, if the sea be at all tough, and the observer not inuch 
elevated above it, the waves will give ft dancing appearance to the 
horizon, from whicb the mercurial one is of course exempL Timt 
eminent authority the late Lieut Raper* says,— 

w The Image of a cclcstial object reflected from the surface of 
a fluid at rest, appears as much Wote the true horizontal Hne m 
th© object itself appears ahoi* it; the angular distance measured 
between the object and its iinage is therefore doMe the alÜtttda» 


* I k igt i?ö. 
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An adv&ntage resulting from this is that in halving the angle 
shewn by the instrument, tue halve at the samt time all the errors 
of observation ,.* The reflected image in the fluid is always less 
bright than the object, but, as it is perfectly formed, and as the 
snrface is truly horizontal, tbe Artificial Horizon, when it can be 
employed, is aiways to be preferred to the sea horizon/’ 

To the navigator, the Artificial Horizon is seldom of other value Ita w tot 
than to enable him to ascertain the error and rate of his chrono- Gasometer 
meter at ports abroad, where there are no time signals for the 
purpose. ln its use there are many points to be attended to, all 
of which conduce materially to the desired accuracy of the result 

The trongh should not be less than four inches inside length, giseofTroagi 
because the convexity of the mercury at the edges renders that 
part unfit for reflecting truly. Moreover, the surface of the 
central portion is necessarily foreshortened to the observer, and 
becomes more so as the altitude of the object decreases. 

The trongh should stand sufficiently high inside the roof to 
admit of the surface of the mercury being on a level with the 
lower edges of the glasses, otherwise one is needlessly deprived 
of the full power of the instrument—that is to say, its ränge for 
measuring angles is lessened. For the same reason, and also to 
avoid all possibility of convexity of surface, do not be stingy with 
the quicksilver. Fill the trough as full as you convepiently can, 
and do not be content with merely covering the bottom of the 
diah The quicksilver is usually contained in an iron bottle, the 
mouth of which is fitted with a screw plug or stopper. For ad¬ 
ditional safety, an iron cone (with a fine hole at its apex) screws 
on over all. 

To fill the trough for observing, proceed as follows:—Carefully Direcüons fo 
wipe clean the glasses of the roof, both inside and out; do this 
with soft chamois leather, breathing on the glasses to get off 
specks or stains. Next clean out the trough, and remove all dust 
from its inside with a hat brush. This is very important, since 
dust being specifically lighter than mercury, should any be left 
behind, it will infallibly rise to the surface and mar the Observa¬ 
tion; then place the trough in its selected position, ready for 
filling. Take the iron bottle, remove the cone and plug, and 
replace the cone, taking care to screw it on pretty tightly, as 
mercury is very searching. The cone is now intended to do duty on 
as a filter, and to prevent scum from passing into the trough with Mercury. 
tbe quicksilver. To facilitate this, cover the small hole with 


Italics by the author. 
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HOW TO CLEAN MERCURY . 


the finger, and shake tho bottle, Holding it upside down , so that 
the 6cum mag rise to the surface inside. Then placing it over the 
trough, and close down (the bottle being still held inverted), 
remove the finger, and allow the qnicksilver to flow. When the 
trough is sufficiently full, cover the aperture with the finger before 
reversing the bottle, which may then be set down on one side. 

It is necessary, when pouring the mercury into the trough, to 
stop while there yet remains a reasonable quantity in the bottle, 
otherwise, if it were all allowed to run out, the scum would pass 
with it, and by clouding tho otherwise bright surface of the 
mercury, oblige you to perform the whole Operation over again. 
To cleanse the mercury when it has become very dirty, run it all 
out of its own bottle, shake it well up in a soda water boctle with 
some lump sugar broken small, and then strain it through silk. 
The action of the sugar is purely mechanical. 

Having suflicieut mercury in the trough, immediately put on 
Dust tob« tho roof to preveut dust getting on its surface, on which it would 
provokingly float, and impair its brilliancy and reflecting power. 
It is possible, however, to brush it off by sweeping the surface 
with the straight edge of a piece of clean blotting paper, cut to 
the full width of the trough. 

To put the mercury back again into the bottle is a more tick- 
lish job, aqd requires a strong hand to lift the trough, and a 
steady one to preserve its balance without Spilling the contents. 
To do this, the cone is unscrewed from the neck of the bottle, and 
iuserted in its mouth to act like an ordinary funnel; the mercury 
oarsfbl is then poured slouly into it through a small hole for the purpose, 
aaadliBc. 0 ne corner of the iron trough. To avoid lass, it will be found 
a good plan to place the bottle in the centre of a wash-hand basin. 
lf that is not convenient, the ernpty sextant case will do nearly 
as weil; but care should be tahm that no globules of mercury are 
bß in it, for if these get into coutact with the arc of the sextant» 
woe betide the owner of it 

It is udvisable, also, to have a somewhat larger trough or stand 
upou which to place the inner one with its roof. This outer stand 
or stool should have sides abont three-quarters of an inch in 
height, and should be lined at the bottom with thick cloth, into 
which the metal edges of the roof would sink, and so exclude the 
external air. Its inside measureinent should t^e fully two inches 
greater than the outsiile measureiuent of the tnercury trough, so as 
to admit of the latter U'ing easiiy liAtsl out of it, and also to allow 
the inner one to be tumed in aximuth v as the sun moves onward\ 
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without disturbing its level. It should be substantially made of 
cast iroo, of good weight, and fitted with fchree short legs, some- 
thing öfter the manner of a common kitchen pot 
The moet essential requisite in an Artificial Horizon is, that the Pure giassf< 
glasses forming the roof should be pure and free from flaws or *** 

veina, and that the faces of each pane should be ground perfectly 
parallel. The reason for this is the same as that given in the 
last ch&pter in connection with the index-mirror of the sextant» 

Should, however, the glasses be imperfect in this respect, the 
resulting error in the altitude can be eliminated by turning the niminatien 
roof end-for-end in the middle of each set of observations, and to 
effect this with certainty, one side of the roof should bear a con- 
spicuous mark—a white cross or star painted on it would do very 
welL ln taking stars on opposite sides of the meridian or zenith, 
always keep the marked side towards you.* 

Intending to take sights with the Artificial Horizon, the first 
thing is to select a suitable and well sheltered spot, and firm Bhstt sr and 
ground should be obtained if possible. * xtnaAm 

A beginner will be surprised to find how small a movement at a 
considerable distance will rüffle the surface of the quicksilver, so 
as to render observations impossible. On this account the im 
mediate vicinity of the shore is generally unsuitable. Though the 
spot of Observation was fully oue hundred yards from the water¬ 
line, a veiy moderate sweil breaking on the shingly beach in 
Gallao Bay was found to shake the quicksilver of the artificial 
horizon, when placed in the back yard of the Hospital belonging 
to the Pacific Steam Navigation Company, so that it was only 
during “ the smooths” that sights could be obtained. 

For the same reason, avoid the neighbourhood of waterfalls, 
mills, factories, foundries, and shops of workmen generally. The 
passing of vehicles on a road will also have a disturbing influence surfkoe of 
on the mercury. Fortunately this fluid, from its great weight, 
very quickly comes to rest after being shaken, therefore, so loDg as disturb&nce. 
the tremor is not actually continuous, one can generally manage 
to secare good observations. Wind is a frequent source of quaking 
mercury, and care should be taken to have the horizon trough 
firmly placed, and the roof bedded on something soft, so that the 
wind cannot get under its lower edge. 

A screen of canvass to windward is a good thing, as a rule, but 
on some ground this causes such Vibration of the earth as to be 
worse than the free blast of the wind. 


• See pagea 384, 886. 
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OBSERVATION SPOT. 


How to pUc« 
trough for 
obMrrlnc. 


IbauttOM 
and SuBtfflla* 


For “Equal Altitudesa spot free from disturbancc is absolutely 
necessary, or, from inability to secure Observation» coiresponding 
in altitude with tliose taken in the forenoon, the whole day s work 
may be lost—to say nothing of the annoyance of the thing. 

Again, a place open to the public is objectionable, from the 
number of idle curiosity-mongers who are sure to sarronnd the 
party, and, without intending it, roake themselves very disagree- 
able by ignorantly getting in the way, &c. 

Supposing a spot suitable in all these particulars bas been 
found, there yet remains an important consideration. 

If you are going to observe in the aflernoon as well as the 
forenoon, due regard must be had to the sun's bcaring at tbe first 
named time, so that when wanted in the afternoon it may not 
be rendered invisible by houses, trees, hills, or other obstructiona. 
This being seen to, get ready for work by filling the trough as 
before mentioned, and place it nearly in a line with the object 
to be observed; but slightly in the direction that the object is 
moving, so as to avoid having to slue the trough in azimuth 
before the completion of the entire set 

To make delicate observations depending so much upon eye 
and nerve, it is necessary to be comfortable in body. About the 
easiest position for the observer is, to eit down on the ground at 
the proper distance from the horizon, and to have the back well 
supported by a rough box filled with sand or stones, or a chair 
steadied by some one eise sitting on it 

One cannot be comfortable, however, even on a bed of roses, if 
half stung to death by mosquitoes; so in countries where these 
plagues exist, and night observations are required, it will be 
necessaiy to give a wide berth to swampy localities which are 
eure to be infested by arrnies of them, especially if the air be still: 
indeed, for this reason it is preferable to court a breeze instead of 
shutting it out 


Sandflies are yet worse, as nothing will get rid of them ; even 
s&ilors, who are a long-suflering dass, and leam to put up with 
most tliings, are not proof against their attacks, and many an 
otherwise favourable opportunity of getting stars has been spoilt 
by these diabolical insects. 

Should it be intended to observe the sun,turn down temporarily 
the necessary horizon and index-screens ; and, being placed so that 
bis image can be seen reflected from the centre of the mercury in 
the trough, direct the sextant to the sun, and bring it down until 
it more or less covers the image in the mercury, then quickly turn 
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back the hingeJ screens—they ave uo langer neeJed—in with the Teieacope 
teleseope, and screw on to its eye-piece a suitable screen» light 
cnough togive a well-defined imnge of the sun, and yet not too derorhoruon 
brigbt to dnzzle and fatigue tlie eye, Beginncrs are very apt to &cre€as * 
nse too brigbt suns, and in consequence tlie effect known as 
" Irradiation/' spoils the aharpness of the limbs** Look to yonr 
tangent-screw to see that it is not at the wrong end of its run, 
which of eourse would depend npon whether the eun niighl be 
rising or falling, otherwise you might find yourself " two block» 11 
in the middle of a set Ry thia time the Images will be near the 
point of Separation, Teil your assistant with the Chronometer 
to Mook out/* and at ihe actual mument of contaet of the litnbs 
call out " stop/'f 

In the morning for lower limbs the suns will separate, and for careaato 
upper lirnbs will close. The contrary is the case in the afternoon, l * 

and this is irrespective of the kind of teleseope employed, whether 
direct or inverHng* Attention to tliis rule will prevent any 
©onfusion as to wbick liinb was observed. 

Obscrve upper and lower limbs alter nately with out unclamping 
the vernier; this neutralizes the effect of Irradiation, and'givea 
less work to do in reading off, beskles being advantageous in 
giving practice with botli opening and clo*sing suns, and not having 
itall one way in the forenoon and anothcr in the afternoon. 

It Is unwise to make the sets too long, as doing so wearies the 
eye and hand, and the observations suffer accordingly, especially 
in hot climates, where the necessity of observing in the full glare 
of the sun makes it a trying Operation. 

In ** equal altitudes,” takc care that corresponding observations 
KM. and räL are rnade of the tarne limbs. Ascertain Index error 
immedlately before and after rights, vsiny any of the eye-piece 
thade» which were employed for the altitudes. 

In observing with the Artificial Horizon, it is preferable, for Eye-pim 
many rcasons, to use the screcns titted to the eye-piece of the 8liadoa ' 
teleseope instead of the hinged ones ou the Sextant A couple, 
and sometimes three, of different degroes of ahade are to be found 
in every decent Sextant case, and their advantage over the others 

* 14 Irradiation ,r u ao optica] illusioo iu virtue of which white objacte, or those of a 
verj Unlliant coloiir, when wvti ou a dark g round, look larger thau they r«allj aro. 

t S\ heu obicrviög, nevtr 14 make contaet ,r yunraulf by tnoving the tangtmt-JCrew 
hut overlap of opon the imagca, a* the caee maj be, clamp aecurdy, aud watch for the 
eiact instant of cutituct, U*e the teleseope with greateet magnifying power, aa it 
siuicb fAdhtatei correct coutaett. 
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will be apparent to the realer who has studiert attentively the 
chapter on the Sextant:—for cxample, the brilUancy of the Hun 
varies an clouds pass over, and although to me£t the contingency 
you have to ch&nge the shades, no inherent error is introduced by 
doing so, a happy circumstance, and very different to the resulfc 
obtained by the use of the Index and Iiorizou Screens, which 
latter, however, must of necessity be used with the Sea Hurizon. 

Before commencing work, equalize the brightncss of the two 
images by raising or lowering the teleseope by the large tnilled 
headed screw for the purpose, This will bring the axis of the 
teleseope almost in line with the edge of the silvered pari of the 
horizon-glass, which is the best position for observing» and thero 
it must remain all through the perfonnance. No matter, then, 
what particular depth of shade you may afterwards be compellcd 
to use for the eye-piece, the two images will prcserve the sarne 
relative tint 

Hafer to the cxample in Nories Epitome, which shews the 
method of finding the true from the obsermi attituda 1t is 
extremely simple, and need not baulk anyone. 

Recollect th&t as the Artificial Horizou gives double the actual 
flclla ^ Ho^l^o* a ^^ u ^ e, ^ 0U caiino ^ with the ordinary Sextant observe higher 
* altitudes than 60 a or 62*; indeed so high an altitude is not to b© 
recommended, for though a quintant will measure 140° or there- 
abouts, the image will not be aharply defiliert when reflected front 
the Index-mirror at such a large angle, unlcss the glass be inoro 
than usually good, To save disappointment, it is well to asceiiaiti 
beforehand what is the lowest altitude your Artificial Horizou 
will permit you to take;—this is Beidom ander 18*, which gives 
you a ränge in altitude of about 40\ 

Wheu going on shore for sights, take with you a couple of 
t^oni&or* ehairs (unless you think you can borrow them), one for the Chro¬ 
nometer, and the other for the tiine-keeper, aml to support your 
own baek as before inentioneiL Take also poncil and note-book, 
chamois leather, a couple of towels to spread on the gromid ander 
the Instruments, and, in hot wmther, an umbrdla io ktep the Chro¬ 
nometer* cool For night work, dispense with the uinbrell% and 
substitutc a couple of bulTs-eye l&mps—one for the Chronometer, 
and the other for rcoding otf by, 

Hon t forget the wash-basiu or somc substitute, unless you 
have a large reaerve stock of quicksilver, Cautioii the lauip-men 
neither to tlash the light in your eyes nur to throw it anywhure 
near the Aititicial Homon. A good arrangemeut is that in whicb 
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the assistant is seated in the obeerver’s back-supporting chair, 
with the Chronometer immediately facing him on the other, so 
that the light necessary for taking the time need not interfere 
with anything eise. 

For these sort of ^expeditions, select handy men who have some 
gumpäon, Think over and make all your preparations well in 
advance, so as to avoid hurry-scurry and conlusion when the time 
for action comea Compare Chronometers before leaving the ship, 
and ag&in on your return on board. 

Many Artificial Horizons have been invented for use on board 
ship in times of fog, or for taking stars at night, when the natural im um. 
horizon is very ill-defined, but only one of them can be considered 
fairly successful; and unless a man has plenty of money, and can 
afford to amuse himself with such toys } the others are just as well 
left alona 

The one referred to was exhibited at the Paris Exposition of 
1867, by the inventor, Mr. George Davidson, of the United States DaTUUwn’i 
Coast Survey, and is called “Davidson’s Spirit Level Attachment.” Attachment. 

It is stated that, in the hands of a practised observer, the mean 
of a series of seven sights will give a result within one minute of 
arc of the truth. The invention lies altogether in the observing 
telescope of the sextant, and is capable of easy adjustment 

Before placing too much faith in such an instrument, it would 
be the duty of every man to compare the results obtained by it 
with others got simultaneously from the sea horizon under favour- 
abU circumstances. 


THE SEA HORIZON. 

Every seaman knows that by going aloft in clear weather his 
ränge of view is extended, and that on account of the earths 
curvature the visible horizon recedes from him the higher he goes. 

In like manner, by descending towards the surface of the water 
his ränge of view is lessened, and the horizon approaches him. 

Advantage can be taken of this to get observations in foggy oiMtnrattons 

weather. By sitting in the bottom of a small boat in smooth 

water, or on the lowest step of the accommodation ladder, the eye 

will be about two feet above the sea level, at which height the 

horizon is little more than a mile and a quarter distant, so that 

nnlesu the fog is very dense, serviceable observations are quite 

possibla 

The writer, on three different occasions, when at anchor off the 
River Plate, during fog, has been enabled to ascertain the ship's 
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positiou io the way described, and after verifyiug it by the lead, 
has proceeded up fco Monte Video without seeing lantL Of course 
the vessel was only allowed to go at slow apeed, and the decp-sea 
and haod-Ieads were kept constantly going, as well as the ground- 
log,—the latter will be treated of by-and-by. 

Heigbiof «ya Every navigator ought to ascertain, befere leaving dock, the 
height of bis eye above the load water-line eorresponding to bis 
position on the bridge* Upper, and main deck, and consequent 
distanec of the visible horizon as »een from each of thes© place«. 

In fine clear tveather take your obset^vatiom from the hiyhest 
convenient place, say the bridge. The reasous for this are that an 
error in the dip causes an error of the same amount in the alti- 
tude; and the dip changes most rapidly the less the elevation 
above the sea level. For a height of eye of 10 feet the dip is 3", 
and for 40 feet it is only 6' {xnde Table V, of Nories Epitome)* 
Kaper says:— 

If the altitude be ohserved above the deck, as in the top foc 
instanee, the horizon will appear better defined, and the variationa 
of the dip by the stups motion will be less sensible; also the 
differeuce of temperature of the sea and air appear to affect the 
place of the visible horizon less as the observer is inore elevated* 
Hence it would appear that altitudes should be taken from aloft 
when convenient/* 

In thick or misty weather take your obeet'vation# from as low a 
P 0 **^ a * pöM&l** and in all cases apply the correetion for height 
weatber. of the eye eorresponding to what it is knowo to be at the spot 
where the observation was taken, 

Reference has already betm made to the uncertainty in the 
place of the sca horizon, du© to the unequal temperature of the 
air aud water* This displacement of the horizon sometimea 
oeenrs to a most aerious ßxtent, and unfortunately on board ship 
there are no in ca ns of dctecting it by obscruations of the *un t 
ui i less, indeed, its altitude should happen to be above 60% when, 
For« und b*cfc with a good Quin tan t, it can be taken from pppomte eitles of ike 
otnorrmUoü*. [>y whkh mcans, if the dirptaeement thould be equat all 

round , the error dne to this cause will be elimiuated by taking 
th© mean of the observatioua 

This error in the place of the sea horizon is commonly found on 
the edge of soundings, and at the mouths of large rivors, and in 
the latter ease is caused by the tmequal temperature of the 
miuglmg currenU of freah and mit water. It exlsts in a mark cd 
degree in the Oiilf Streain and its vidnity. 


Where to 








RE FRACTION. 


The writer once found the latitude by an excellent meridian 
altitude of the sun to be as much as 14' in error. The time was 
mid-winter—the day a clear and cloudless one—the sea smooth, 
and the horizon clean-cut Five observers at noon agreed within 
the usual minute or half-minute of arc ; nevertheless, on making 
Long Island (U.S.A.) in less than two hours afterwards, the 
latitude was found wrong to the amount stated. Many such 
cases have come under the writer s notice, but this one alone is 
cited on account of the magnitude of the phenomenon. 

As an instance of ignorance of some of the commonest truths in 8im b«low 
nature, the writer cannot refrain from introducing the following wmiit yet 
anecdote. tuiw®. 

One evening he was pacing the deck with his Chief Officer, 
and seeing the suns lower limb touching the horizon, told his 
subordinate that at that moment the whole of the sun’s disc 
was really below it, although from the effects of refraction it was 
still visibla This the officer could not and would not believa 
He was, however, convinced some few minutes later by a very 
familiär experiment Being firmly seated in front of an empty 
wash-hand basin, so that the brass plug at the bottom was quite Experiment 
invisible, the basin was about half filled with water from a can, Jr^ter? 11 
when, without moving his head, he at once, to his great astonish- 
ment, saw the plug. On letting the water run off, the plug again 
disappeared. 



The figure represente a portion of the earth surrounded by the atmosphere, 
the denaity of which, as shewn by the increasing neamess of the circle«, 
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becomes greater as the eurface m approached The ray of light proceedm^ 
from the etar 8 La succeamrely bent or refracted at the pointa a b c d ef g, 
and finally comca to the eye of the observer at 0 in the direction gO t naturally 
causing him to imagine the star to be situated in the heavena at Ä 
Explanation It was then explamed to him that air, io common with all 
transparent media, poeeesaes the power of beudiog rays of light 
out of their straight course> 

A ray of light from a celestial body, entering our atrnosphere 
obliqwly, is more and more bent down or curved as it approaches 
the earth, so that when it finally enters the eye* it does so in & 
direction different to what it had in traversing space. 

The denser the air is, the greatcr the effect produced; con- 
seqnently, there is more refraction near the surface of the earth 
than at several rniles above it, where the air is thinner. 

Water is a much better refracting medium than air, Every 
sailor is familiär with the bent appearance of an oar-b!ade in clear 
smooth water, though he may not know the cau.se. Literally 
speaking, then, refraction enables us M to see round cornera" 

See, then, how even the evidencc of our own eyes, upon which 
we place such implicit faith, is liable to deceive ua As refraction 
causes a celestial body to appear higher than it realiy is, it nmst 
always be mbtradtd from the observed altitude* Reference to 
Table IV. of Norie will shew that refraction is greatest near the 
horizon, and v&nlshea when the object is in the zenith 


DIBAÖREEMENT BXTWKKS FORENOON AND 
AFTERNO ON 8IQHT3. 


The question is constautly asked, Can you teil me why it is 
I can so seldoni get my forenoon and afternoon sights to agrcee I 
The explanation is simple enough, and as the aubject is worthy of 
being carefully gone into, an attempt will be made to render it 
clear. 


To simplify matters, the read er will be good enough to snpposo 
himself in & ve&sel at anchor» in the inonth of December, some fcw 
miles south-eastward of Monte Video, and that hia Chronometers 
arc cxactly correct, and hb position known to a nicety by cross 
bearings of Flores Island and the Cerra 


EUrmUos or Next, let ns stippose that, owing to abnormal refraction, the 
horizon is depressed, aay three tut uutes of arc, and remams in that 
condition all day, 

i^t sights be taten at aiz oclock in the tnormng» and again at 
aix in the eveuing. From the horizon being und u ly di^pressed, 
thea© altitudes will be too great by 3 minutes of arc, and when 
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worked out will in each case give too small an hour angle, with 
the resnlt that the A.M. sights will place the ship 4' of longitude 
eastward of her true position, and the p.m. sights will place her 
an eqnal amount westward of her true position, introducing 
thereby a discrepancy of 8' of longitude between the morning 
and afternoon sights—though the sights themselves have been 
most carefully taken, and the ship has not shifted her position in 
the least 

To pursue the matter yet further. If the sights were worked 
with the incorrect latitude obtained from the meridian altitude, 
still greater error would result The latitude, from having been 
worked with an altitude too great by 3', would itself be in error 
that amount 

Now by working the A.M. sights with too northerly a latitude, Brror das to 
the resolting longitude is thrown 1£' still further to the eastward 
—and in like manner, with the p.m. sights, the resulting longitude 
is thrown 1J' still further to the westward. 

It follows that an apparently trivial error of 3' in the position 
of the sea horizon can very easily introduce a discrepancy of 
IT in the longitude as shown by A.M and p.m. sights. Cases, 
sofficiently common, could be selected, depending upon latitude, 
declination and hour angle, where an error of 3' in the place of 
the horizon would cause the A.M. and P.M. longitude to differ as 
much as 15' or 16'. 

From the foregoing we see that discrepancy between forenoon 
and afternoon sights can arise from the latitude used being 
slightly incorrect, also from abnormal refraction, from the course Brror ln 
and distance in the interval not being altogether what it was 
supposed to be, and from badly graduated arcs, as well as other 
imperfections in cheap sextants. 

When these causes all happen to conspire together (which 
must sometimes be the case), there may be a very great discrep¬ 
ancy between the A.M. and p.m. observations. Moreover, the 
navigator is apt to lose sight of the fact that he has carried on his 
longitude by dead reckoning for 6 hours, say from 9 o clock in 
the morning tili 3 o’clock in the afternoon. He is apt to think 
he had it exact at noon, whereas he only had his latitude correct 
at that time. 

Again, to work his sights, he is obliged to use the latitude by 
account worked back from noon ; so that, taking all these things 
into consideration, it cannot be wondered at if there should 
generally be a discrepancy of results. 
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64 A RED SEA EXPER 2 RNCE. 

The writer has known otficerü tu look with great suspieion 
upon afternoon sights, and opeuly state that they never knew 
them to come out right, and were not worth taknig. The well 
inforaied navigator will see that they are as much to be relied 
upon as similar ones in the forenoon * * 

In the Red Sea and Persian Gulf, the liorizon h very liable to 
displacement frora the hot wiuds Corning off the scorching deserts, 
and the refraetion in the day time is generally in excess o£ the 
tabul&r valuc. 

The writer has bcen enabled to practically demonstrate this to 
the complcte satisfnetion of his brother officera, d 11 ring a voyago 
to Calcutta and back» It was alleged by those on board, who 
faad repeatcdly passed certarn Islands in the Red Sea known 
as the Zebayix and Hanish groups, that they werc not shewn 
rdaiivdy in their proper positions on the chart, and to determine 
the correctness of this Statement the writer devoted some con- 
siderable time and labour» 

The Zebayir Islands lie, roughly speaking, about 70 milea to 
the northward and westward of the Hanish group, and both of 
them directly in the track of steamers passing up and down. 
The distance between them is such, that if one group should be 
passed about sight time In the morning, the otiier group will be 
passed about sight time in the nfternootel" 

1 t was found on the out ward passago, when sights were tnken 
in the morning off the Zebayir group, that they were apparently 
marked too far west on the chart; and when siinilar obsorvatious 
were müde in the afternoon, the Hanish group appeared to be 
shewn too far east on the chart This was a scrious busiuess, 
as the relative bcaring of the two groups of islauds was thereby 
jnaterially altered» The question, moreover, was one independent 
of the correctness of the Chronometers, as the islands were shewn 
rtlativdy to be out of place some 7 or 8 milea 

After a very careful dtscu&don of all the data in connection 
with the subject (including observations on previous voyages by 

4 Ta ke*j> up Um ImLilium ihn «et, boxeio f*w mea Ara itiU in Iba habit of 
11 m>tkmg tho mu over the farayArd " m kmq u " «tia ball H u »trnck ; wbid perbp« 
—*ccardia§ U» the Amotiht of M Dorthin^ * in die ^rog—bi» * tciuUacy to rvnler them 
a hule um: erlern in their movement« Uter an in the d*y, Bat the« in Alwolutcly Aa 
avid«tioe to «baw thet stotdy M 01d Sol'* Ihink« be h« «nroad Um right to get npern 

* tho looie J ,t or Uka ah aIUtdimi «unply be Lu dona bii duty to hiauc ll 

Ami this World by p««ein|f th« merMlan up to time» 

t Ilie oottm end dieUuso* fram CVntm po«k IiUnd «f Üta Zebayir froap, to Hi^b 
T«bnd »ff the north and <4 Jabei Zakur, U S» S0|* K. (tma) fl! * milcn. 
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other observers), the writer came to the conclusion, that in all 
probability the altitudes of the sun had been vitiated by excessive 
refraction. To test this, on the passage home, sights were again 
taken off the Hanish Islands, which this time happened to he 
passed in the morning , and similar observation s made off the 
Zebayir Islands, which were passed in the aftemoon , thus reversing 
the conditions of the outward voyage. The result fully justified 
the writer’s expectations, as the Hanish group were now shewn 
too far west on the chart, and the Zebayir Islands too far east, 
while on the outward passage just the opposite had been the case. 

So that all this bother and uncertainty as to the relative position 
of two important groups of islands was unmistakeably proved to 
be due to errors of observation, arising from excessive refraction. 

These things point strongly to the necessity for great caution Qreat 
in the navigation of a ship. Nothing “ slapdash ” should be 
allowed in connection with it, nor too much taken for granted. 

Who can teil how many wrecks might be traced to this cause, 
which at the time were ignorantly set down to some extraordinary 
"jump ” of the compasses, or some unlooked for current ? Seamen 
would do well to give this important subject the attention it 
merita 


E 
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CHAPTER VI 

CHARTS. 

A few words conceming the nature of Charis, and the difficulty 
of their construction, will prove both interesting and instraciive 
to the seaman; in any case, it is only right that he should know 
something about the tools he has to work with. To this end he 
should not fail to peruse Commander HuU's very able paper on 
" The Use of Admiralty Charts in the Practice of Common and 
Proper Piloting,” to be found in the British Merchant Service 
Journal for December, 1880.* 

When we attempt to represent any considerable portion of the 
earth’s surface on paper, we are at once met by the formidable 
difficulty caused by its curved form. A little reflection will 
convince anyone that it is impossible to make a spherical eurfaoe 
like that of our globe coincide exactly with a flat surface, such 
as a sheet of paper. 

If an orange be cut in two, the inside scraped out of one of 
the halves, and an attempt then made to Hatten the cup-shaped 
rind on the table, what would happen ? It is certain that in so 
doing the edges would give way and tear up nearly to the centre, 
showing the impossibility of performing the feat with a non- 
elastic substance. 

It is obvious, therefore, that rto representation of the earth on 
a flat sheet of paper, such as a chart, can exhibit all its parts in 
their true magnitudes and relative positions. 

In the construction of charts, it consequently becomes necessary 
to adopt such a method of laying down the places, which it is 
intcnded to depict, as will best fulfil the particular purpose for 
which they may be required. The various methods adopted for 
this purpose are called projections. Among them may be enume- 
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rated the Orthographie, Stereographic, Polycoaic, Gnomonic, cmirt 
and Mercatora Of all these, the one commonly used by the proJwrtl0Ili - 
seaman m Mercator’s. It takes ita name from the inventor, who 
originated the idea about the year 1556; but the true principles of 
the projection were not demonstrated tili half s Century later, 
by Mr* Edward Wrighfc, of Caius College, Cambridge* 

Tn MercatöFs Chart the meridians are all drawn as atraight M§roator*i 
tinea perpendicular to the Equator, and at equal distances from Clim 
each other* The parallela of latitude, also, are represented by 
atraight lines parallel to the Equator, and also, like it, at right 
angles to the meridians* 

Now, on the a dual globe, the degrees of latitude are (practi¬ 
ca! ly speaking) equal to each other, but tho degrees of longitude 
diminish as they recede from the equator, and eonverge to a point virying 
at the PoleSp For example: on the Equator a degree of longitude 
contains 60 nautical uiiles, in the latitude of London it contains 
37§ miles, in the latitude of 65° North (say at Archangel, in 
Russia) it contains but 25 j miles, and so goes on lessening ia 
the higher latitudes, until at the North Pole it has no value 
whatever—which ia equal to saying, that there longitude has no 
existence. An obaerver at the North Pole, let him face round as 
he may, could only look true South* There ia no directioa of east 
or west, by which to couvey the idea of longitude, and the sua 
when visible would always be on the meridian, 

Since in MercatoFs projection the meridians, as already stated, 

are equidistant in every part, and the degrees of longitude are 

©verywhere made equal to their dimeasioas on the Equator; it 

becomes neeessary, in order to preserve a due proportioa betweea 

them and the degrees of latitude, to increase the leagth of the 

latter in a corrosponding ratio* From the true proportions being 

preserved throughout between the meridians and the parallele, the 

skajws of the objects delineated on the chart are in every part Eanh*® tur- 

corrcct But as the lenaihs of the degrees botli of latitude and facft ^"tortsd 

la MereAtor* 

longitude, at & distance from the Equator, are enormously ex- projection. 
agge rated, the sizes of the objects in those parts of the chart are 
increased accordingly : so that the whole map, if it cotnprisee 
many degrees of latitude on one side of the Equator, gives a mast 
inaccurate notion of the relative magnitudes of its northern and 
Southern parta 

For mstauce, looking at the Admiralty General Chart of the 
North Atlantic, No. 2059, there will be found in Ungava Bay, 
on the north coast of Labrador, an island named Akpatok; and 
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io the south ward of Cuba, in the Caribbean 3ea, will be found tbe 
well-known Island of Jamaica. Anyone looking at the charfc, and 
unacquainted with the facts detailed abovß, would undoubtedly 
think these two islands were exactly of the same leugtb, and 
would be confirmed in this Impression by actuni measurement 
with dividera But, following out tbe rule governing mcasure- 
ments on a Mercator s Chart, wbereby it becomes necessary to 
measure the dimensions of each objeet in it# man parallel of 
latitude, it will astonish tbe uninitiated to find that the Island of 
Akpatok is 05 miles in length, while that of Jamaica is 130 miles, 
or exactly double. This exampte will put the wary navigator oa 
bis guard not to truat to appearances without first thoroughly 
understanding tbe principlea which govera them. 

This defect in the Mercators Chart does not in any way detract 
from its utility for nautical purposea 

Its great advantage to the sailor consists in the fact that—Ist, 
the ships course between any two placcs, however remote, is 
repr&tetUed % a draight lim ; 2nd, thi# line makes the mme angle 
with each mendtan. Therefore, to find the true course (or rhurnb 
line) on tbe chart from any one poiot to any other, it is only 
necessary to connect them by a straight pencil line, and measura 
its angle with any one of the lueridians which it erosses* This 
may be accompiished with a common boru protroctor; or ( as Ls 
more usually done, by transferring with a pair of parallel mlera 
the direction of the aforosaid line to the nearest true compa&a 
diagram, and so at once read off the course or bearing in pointa 
and quarter points. If this course cau be carefully preserved, the 
port bound to will in due time be reaehed. 

In the chapter on Great Circle Sailing it will be demonstrated 
that, in foUowing np this subject» the re aro other important 
matters to be taken into consideration by the man who wishes to 
Bubecribe himself 44 Yours trnly, A Master Mariner.” 

This projeetion of Mercator's is not exact in very high latitudes» 
because cross-bcarings of several distant visible objects, which are 
in fact the samo ns Great Circle courses, are projected on the ehart 
ns straight lines, when Uiey are in reality curvea; therefore Umir 
inXersections will not agree; or, three objects aeeu in ränge will not* 
when projected in their true places on tho chart, Ile in a straight 
lina For this rcason Mercator's Charts would not be suit&ble 
for Polar navigatioiL Indeed they could not te drawu by the 
dr&ughtsman, since, according to the prineiplas of the projeetion, th© 
pole« are at an infinite distance, and could not be shewn on paper* 
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From the foregoing it will be apparent that a Mcrcator’s Chart 
gives a very incorrect representation of the earth’s surface; but, 
o£ all the known projections, it is the one best adapted to the 
wants of the seaman, and has therefore, with the exception just 
given, been universally adopted for his guidance. 

To treat of the other projections of the sphere—more especially 
the Gnomonic—would be to trench on the surveyor’s ground, which 
is not the intention of this work. For harbour plane the earth Harbonr 
is considered a plane, and no account whatever is taken of its 
curvature, which would be quite inappreciable within the confined 
liaiits of such a survey. 

In providing his ship with charts, it will be a matter for the 
navigator’s consideration as to whether he should procure Admi- Admiralty 
ralty or Blue-backed Charta On this point there is considerable 
diversity of opinion, though it would appear of late years as if 
the former were gaining favour, and becoming more populär with 
the public. 

It is the opinion of the writer that none can compare with 
those issued by the Hydrographie Office of our own Admiralty, 
that of the French Government, and the United States of America. 

In the first place, they are wonderfully cheap, which is ofttimes 
a consideration; in the next place, they are ojfwial documents, 
emanating from the highest authorities; and it would probably 
be safer to get your ship ashore through any omission or error 
in a Government Chart, than through a similar one in a “ blue 
chart,” especially as it will sometimes happen that the first- 
named possess the very latest information, which the others 
may not 

Some recent decisions at “ Board of Trade enquiries into the 
loeeea of skips,” go to show that the authorities display a prefer- Admiralty 
ence for the Admiralty Chart. No doubt the proprietors of the 
•Blue-backs” do all in their power to get the “ latest corrections,” Oonru of 
and keep their works up to the mark; but it is difficult to see how InqnlX7 ’ 
they can successfully compete with a Government office, possessing 
a hundred times their resources. Though they do their best, they 
can only in many cases get their information second-hand. 

By way of affording a Standard of comparison, it may be 
stated that the Hydrographie Office, in London, issues and keeps 
up to date some 2,600 charts, against about 300 issued by.the 
folgest of the private publishers. These figures speak for them- 
seives. 

To the mind of the writer, the Admiralty publications offer 
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supcrior advantagea They are alrnost invariably 011 ao appro- 
priate scale; their delineation is remarkable for ita clearncss; a 
glance teils whieh is land and whieh is water; correct magnetic 
eotnpass diagrams (except on General Ocean Charts) are inserted 
at convenient mtervals, and the eharts themselves are never cum* 
bersome in poinfc of sim They leave no wants unsuppüed by 
showing too little, nor do they confuse by ahowing too muck 
The art of the draughtsman and engraver is exhibited in all the 
details, and not the least advantage is tho uniformity of System 
whieh characterizes each orte** 

The use of eharts where tnae and magnetic compass-diagrams 
are supcrposed one on the other—that is to say—are drawn from 
the same centre, is fraught with dauger* 1t Ls at best but a com- 
plicated örrangement, very apt to gm rise to mistakea at critieaJ 
times,— indeed the writer has kuown it to do so, and on one 
üccaslon the vessel got ashore in conaequenca 

Compass diagrams* except on Ocean Charis, sbould only shew 
the correct magnetic pointa If the frue bearing or eourso be 

* A revlewer of the lit Ed. of ** WrinkJ«*,** in a well-koown periodical, f01 whieh 

the writer of the*e page$ biu not only mach veneratian, bot Ukewiae a Joving 
cool ly *ugge*ted that the paragrapha having referenee to *' Blue.backi" ahould b* 
re-written in 1 tnore favourable ttwün, na in bi« (the rcviewer *) opinion, they bear 
un juslly upon the publicaütmi in queition. Tho writer regreta that hi* conviothm* 
will not allow bim to comply witb tbu mödest «uggeation, and that in atndying tho 
«aUar** intereat» ho it obliged to run coanter to those of other peftple. ln tbu matter 
of chart*—*« long u proAeht condition* e*wt—the writer 1 * colour* »re 11 nailed to the 
mmitj 11 and wbiLit freely admitting the meritorioiu chxracter ol the work dou by 
private firmi long before the machinery of tho Hydrographie Department of the 
Admiral ty had attained »t* preaeot cicellcnce* he think* the rlay of 11 Blue-back» * hu 
depaiied* and that it U only a queation ol time as to when they will be oompletety 
■nuffed out by the overwhdming reaonroea at command of the Government, to «ay 
nothing of the boundleu advantage* affurded by an unhmUed ttchtquer. It ja not *0 
very long iioee the Government, for the good of the Commonwealth, took over th« 
telegraph tine* from the private comp&nie», and eunilarly for a few thuuiand* they 
might bay np the chart pabliaher*, whn, a* firma of long-etandlng reputation* muat 
gruan nnder the hardahlp of aeeing their meana of livelihood tlowly but anrvly under* 
nüned by an aU-p-owerful department, againxt whieh it u impouibl*, in the natnre of 
thinga» they caa hope to oompele on anything Uke equal terma Sinoe in thove pagu 
the anthor haa amtrmed the r6U of guldo, ho k oonatrained to expfee* an honest ojuaitn 
ln all that cuneenu hia brother Hamen, notwithstanding that doing ao mcaiu a p#outti< 
ary los* to bimsetf, inumuch u osrtain 41 Cheap John« " is the ** *hoptidam n way of 
buaiiUH, wbo reoognke their own portnit* her* and there throughout th« boofc, Lira 
not only deotined to *«LL 4i Wrinkle* 1 ' themulve«, hat have szuleavoiuwd to prevsst 
other* doing an, The innats love of fair pUy-H «trong a characteriatio of Brilon* 
—will bow*ver, eapsiae any attempt to n Boykott M the book t and indeed the «all for 
anothsr edithm ln so ahort a tim# shew« that th« geotry in queaUoo may ae wwU 
acespt def«at and t hr ow np th« «poof«, $r 4 »Mi/ grt 
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required, Field’s parallel ruler, or a protractor of any kind, will 
give it with far greater accuracy than a diagram of the kind 
referred to, which is aeldom divided to anything under quarter- 
pointa 

A great drawback to “ Blue charts ” is the absence, in many 
iiurfarififift, of the heights of mountain ranges, peaks, hills, islands, 
and lighthouses. These are all of great assistance in navigation, 
and no chart is complete without thenq. Lighthouse heights, 
when not on the chart, can, it is true, be got from the lighthouse- 
book, but it is more convenient to have them on the chart. 

Admiralty charts can be backed with “ brown holland,” which, Holland bad 
so far as the material is concerned, makes them last almost for 

sary exoept 

ever; bnt it increases the expense, and, seeing that some sheets ln special 
are continually having alterations made in them, according as the caM, ‘ 
banks and channels shift about, it is not advisable to resort to 
backing.* 

Except, perhaps, for the smaller dass of vessels, where the 
Captain buys his own charts, the unwieldy “ blue-back” has had 
its day, and it is only a question of “ How long ? 99 until it is 
superseded by the cheaper and handier productions of the Admi¬ 
ralty. As a result of trying to make them suit all purposes, 
the scale of the blue charts is, in general, too large for ocean 
navigation. 

In case an Admiralty sheet should be destroyed by the cap- 
sizing of an ink bottle, the Spilling of lamp oil, or any of the 
acddents which do happen, it is merely a loss of from one to five 
Shillings; whereas, when its rival comes to grief, it cannot be 
replaced under from ten to fifteen Shillings. Moreover, the extra 
eost of the latter offers temptation to keep it in use tili completely 
out of dato, and so marked and smudged as to be in many places 
ükgible—a drcumstance likely to lead to disaster, if indeed it has 
not already done so. The Board of Trade has lately become very 

• In the omb ol Magnetio Charte of the World, which are only published about 
aaee in ten jmn, of coune “ baching ” is advisable, and here is the way to do it:— 

Wring the brown holland well out in cold water, and then tack it round the edge of a 
titvisg-board or sm al l kitchen table: rub the paste on to the holland with a hard 
kmh: damp tim baci of the chart with a sponge until the face looks dull, then roll 
Ü «venly nposa c l ea n, smoothly-turned wooden roller : place this on the near »de of 
the holl a nd, and unroll oarefnlly: leave it until all is quite dry. 

The paste should be made with best flour, mixed very thick with cold water. To a 
rtn—rt-ipoonfnl of brown sogar add five drops of oil of lavender, and five drops of 
•omrive Sublimate ; mix this weU np with the flour and water, and then add perfectly 
beding water to the thickness of oustard. 
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MOUXTING CHARTS ON WOOD, 


parücular on this poinfc, and one of tbe officinl notices directs the 
attention of shipownere, and their servants and agents, to the 
neeessity of seeing that the charts taken or serit on board their 
ship-s are corrected down to the time of sailing. 

With the Adtniralty chart the sador can see at a glance iE he 
has the latent Information. The year and the month of the 
various corrections are engraved at tho foot; shouid the cor- 
rection he large, the Dotation is made agninst the itnprint; if 
small, it is given in the left-hand bottom Corner ; thns an Ad¬ 
miral ty ehart teils itaown history. Perhaps seine day the private 
publishers may see the advantage of odopting the satne System. 

Charts should invariably he kept on their tiats, ready for tho 
rulers to slide over them, instcad of being rolled up, and foblieg 
them should be avoided if possibla Rolled paper is an abomioa- 
tion at all times— 

u It will and it woa't, 

It can’t and it döift f 

and if you lose yonr temper, you tear it, and so make bad worse 
Every vesaol, therefore, should be provided with shatlow chart 
drawers, say 3 ft 9 in. long, by 2 ft. wide and 4 in. deep The 
sheets can then be numbered and classified, and so are ready for 
uso at a moment’s notice, 

Whon the writer somo years ago was in the habt! of navigating 
Magollan Strait and the many hundred rnilesof intricate chaunek 
leading frorn it to the Gulf of Pensa, and thence to Chiloe, it was 
necessary to keep the charts and plana on the bridge for constaut 
reference; but seeing that the climate of that region is probably 
about the raost rainy and tempestuous in the worid, me ans had to 
be devised to protect the charts from the weather, or thoy would 
speedily have become so mach pulp, This was aceompliahed as 
followa 

First of all, the sheets of the various channels were ent Up into 
convenieut lengths. and the carpenter was brought into requisition 
jo tnakc teak-wood backings for them of well seasoned half doch 
sfcuff, dreased smooth. The backing was made an inch longer and 
broader than the chart or plan it was intemled to reoeiva 

Next, some 'alae 1 was made by tilling a breakfast cup with 
Lstnglfiss, and pouring on it as mach boiling water as the cup 
would hold, After the 'sise* hnd oooled, and waa just beginnitig 
to tlucken, botk sidoa of tbe chart got severnl good coata» rubbed 
in with a soft brush as fast as the paper would take lU When 
the 4 &im' was well absorbed and had partial ly driod, the back 
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was treated with flour paste free from lumps, and laid on smoothly, 
after which the chart was put down on the teak-wood: tbis had 
to be done very carefully io avoid creases. 

To make the paper lie evenly and to prevent air-bubbles from 
remaining underneath, a wooden roller was ran from top to bottom 
and back again. This rolling process must not be overdone, or it 
will cause distortion; and it is as well to place the roller on the 
middle of the sheet at starting, and roll from yon, and then back 
again the whole way; this with a turn or two sideways ought to 
be sufficieni. 

When the chart had thoroughly dried on the board, both it and 
the teak>wood received three flowing coats of white varnish, made qanada 
by mixing Canada balsam with twice its weight of best oil of 
turpentine. Each coat was laid on with a broad, flat, camel-hair 
brush, and allowed to get perfectly hard before the next was 
applied. 

When treated in this manner the charts were completely 
weather-proof, and equal to any amount of rough usaga Should 
the a size ” in the cup get hard like jelly, a few minutes on the 
störe will bring it back to a proper consistency. 

Many vessels have been lost owing to their being economi- 
cally (?) navigated near land by small scale charts, which cannot 
possibly shew coast dangera 

Wharton,* in alluding to the increasing necessity for large 
scale charts constructed from detailed surveys, says :—“ A steamer 
works against time; her paying capabilities largely depend on 
her getting quickly from port to port, and captains will take 
every practicable short cut that offers, and shave round capes and Onttlii* off 
comers in a manner to be üeprecated, but which will continue as 
long as celerity is an object A channel which a sailing vessel 
will work through in perfect safety, from the obvious necessity of 
keeping a certain distance off shore, for fear of failing wind, 
mb^nng stays, &c., will be the scene of the wreck of many a steamer, 
from the inveterate love of shortening distances, and going too 
near to dangerous coasts only imperfectly surveyed. Better 
charts will not eure navigators of this propensity, but will save 
many disasters by revealing unknown dangers near the land.” 

Captain Wharton might have added that this “ short cut 
navigation ” is not only due to fierce competition in trade, but 
unfortunately to an unwise rivalry among seamen themselves, and 
an utter disregard on their part of the maxim “ Let every man 


Hydrographical Surveying , page 52. 
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fiteer by his own compass,” Because Mr. Brown and Mr. Jones 
do certain things which look very like putting their heads in the 
fire, Mr. Robinson—even against his better judgment—thinks he 
must do the same, and so the thing goes on tili the weakest comes 
to the walL 

Charts and Sailing Directories are as much part of the ship’s 
equipment as the Compass or the Lead, and should be provided 
by the owner. When the captain has no longer to pay for them, 
he will keep a better stock, and not take his ship all over the 
world by one or two general charts, to the manifest risk of life 
and property. 

There is a small sheet published (price 6d.) shewing the signs 
and abbreviations adopted in the Admiralty Charta It is worth 
having. 



CHAPTER VII 

THE PARALLEL EULER. 

Thia, in its commonest form, is an instrument so very familiär 
io the seaman, and withal so simple in itself, that it may seem 
nnnecessary to refer to it; nevertheless, there is something to be 
said even about the parallel ruler, and it may so happen that that 
something —or a portion of it—may be new to the reader. 

The ordinary black ruler, with brass joints, is usually employed 
to trarusfer the directum of a bearing or course to the nearest 
eompass diagram on the chart, whereby to ascertain its name and 
value. Now, in ocean charts, where eompass diagrams are very 
properly few and far between, a great deal of slipping and sliding, 
and trying back, as well as “smudging” of the chart, may be saved, ntld . B 
and much greater accuracy ensured, by the use of a kindred improred 
instrument, known as “ Captain Fields Improved Parallel Rider? Euler!* 1 



Apporently, at first sight, it only differs from the other in 
bring made of boxwood instead of ebony; but a closer inspection 
reveals that one of its edges is divided into degrees, similar to 
the 6-inch ivory protractor found in most small cases of mathe- 
matical instrumenta; the opposite edge is also divided, but in 
prints, half-points, and quarter-points; these latter, however, are 
never likely to be used, as the degree marked side of the ruler is 
preferable. 

The advantage derived from this instrument is, that by laying how to um it. 
it down on the course you wish to determine, so that its centre 
mark shatt be on a rneridian line , you at once read off the true 
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CAPTAIN FIELISS PARALLEL HCL ER. 


course on the divided edge, where it is cut by the aforeeaid 
meridian lim. 

Few things can be neatcr or handier in praetice, and ii gires 
the course in degrees (and by cstimation, to parts of a degree), 
with an accuraey but little short of that obtained by aetual com- 
putatiom The ruler is to be had in three sizes; bat the two 
smaller ones, from the minuteness of the angular divisions, are 
not to be reconamended. The 24-iach ruler will be found very 
convenient, and the marklag clear and well defined After it hm 
been in use a little time, get it cleaned and French-polished. 

The ordinary parallel ruler, or indeed a straight-edge of any 
kind, when used in conjunction with a common semi-circular 
horn protractor, will give equal satisfaction. If you h&ve not a 
horn protractor, it can bo proeured for three Shillings or so at aoy 
optician'a Do not get one with a less radius than 3J or 4 inehea* 
which is a good serviceable size. 

To use it, proeeed as follows;— 

Having the chart on the table, with its north sido from you aa 
asual, lay the straight-edge over the course you wish to sfceer or 
detennine, and place close against it (edge to edge) the horn 
protractor, sliding the latter along (its straight side bring nlwaya 
in eontact with the ruler) tili its centre mark cotnrs fair over any 
meridian lim on the chart; the exact true course in degrees and 
half degrees will be found at the drcumference, where the latter 
is cut by the same meridian line, thus;— 



In thia particular easo it is N. 70* EorS. 70 a W (true> 

Almost evory onegoingto sea abaß the mast, has a gunter * 
scale, which would answer first-rate with the horu protractor in 
the manoer just deseribed; but if there ahould not be one, and 
the parallel ruler be broken ur lost, any lath or piece of wood. 
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dressed straight wifch the carpenter’s trying-plane, would do just 
as welL 

The hom protractor can, however, be rendered of equal Service 
wühout any kind of straight-edge, by the simplest possible con- 
trivance. 

Bore a fine needle-hole at its centre mark, and another about a How tollt an 
quarter of an inch or so below it; through these two holes reeve w 
a couple of feet of sewing cotton (silk is better), and knot one 
end; keep the knot on the top side of the lower hole, so that it 
may not prevent the protractor from lying flat on the chart, and 
bring the other end up through the puncture at the central point, 
and haul it tight. 

To ascertain a course or bearing, it is merely necessary to lay 
the hom protractor, with its zero line on any convenient meridian, 
sliding it towards the north or south, so that the thread when 
stretched may lie exactly over the two positions on the chart 
bjtween which it is required to know the course, thus:— 



In the diagram, A represents the knotted end of the thread; B, the centre 
hole through which the thread comes up; EF, the zero line of the protractor, 
laid exactly over GH, a meridian line; CD, two positions on the chart 
between which it is required to know the course; the line BJC DI represents 
the thread. The true course (N. 80° E. or S. 80° W.) will be found at J % 
where the margin of the protractor is cut by the thread. 

The oblong ivory protractor already mentioned could be used in oblong irorj 
a predsely similar manner, but the hom one has the advantages protractor# 
of transj»rency and larger marginal divisions. Both are divided 




frorn zero at E and F up to 90’ at the middle line, and when 
using them in the manner indicated above, the course is in each 
case to be reckoned from North or South toivards East or West, 
as the case may be. 

As already explained in a previous chapter, the course between 
any two places on a Mercator s chart is the angle which a straight 
tine connecting them makes with the meridian. 

Here seems & good place to say a few words about Coubses* 
and compAM So far, reference has merely been made to the true course ; when 
the Variation has been applied» it becoraes the correel magneiie 
course; and when the Deviation has been applied to this last, it 
becomes the compass course, ot the one which is to be actually 
steered by that particular compass for which the deviatiou lias 
been allowed The navigator will do well, theo, to bear in mied 
that there is—lat, the l't'we Course; 2nd, the dorrtet Mognetic 
Course ; and 3rd, the Compasa Course. Do not get confused, but 
keep these courses distinet in your toiad, and avoid calling them 
by names other than those here giveti. 

Deviation and One word about Deviation. It is too often mixed up with 
Local Attraction, the two ex pressions being used indifferently to 
mean the same thing. This is wrong, as the}" are entirely distinet, 
The first natned is due to causes with in the ship herseif; the latter, 
to ouiside iutluonces. Remeinber this. 

For laying off courscs as above, the writer had made to Order 
an ivory protractor, 10 inches by 3 inches. This size admits of 
good large divistons, but it is expensiva A similar one in box* 
wood would cost leas, and probably be practicaJiy as good The 
onJy tbing that can be said against boxwood is its greater liabili ty 
to chip at the edgea 

Ebonite scales and protractors are found to ans wer well, and 
do not expand or contract so mach as other sorts, but this 
extreme refinement is a thing apart from our subject, and need 
not be coosiderecL 
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CHAPTER VIII. 

DIVIDERS. 

To give a “ natty man 11 satisfaction in their nse, dividers 
should be of good quality. The pointa must be fine, and formed 
of well tempered sied that cannot be bent or bluntecL Above all, *teel pdnt» 
th e joint should be good, for if not, it will be provokingly difficult 
to aet the legs to any required distance, on account of the spring l 0 * 11 ** 
and want of uniformity in their motion. A pair of dividers with 
an indifferent joint, when being opened or closed, will move by 
fite and starte, and either go beyond the measurement required or 
stop short of it. The joint should also be stiff enough in its action 
to hold the legs in any required position without fear of alteration 
when handled with ordinary care. These are the things which 
require to be tested when making a purchasa Instrument cases 
alwaya contain a key for tightening up the joints of the dividers 
when they work slack. What are known as Hair Dividers give HatrMvidm 
very exact measurements, but for sea use they are too good, and 
too costly. 

It is convenient to have a small bracket fastened on to the Brackat for 
b ulkh ead over the chart table, to contain two pairs of dividers— Dividsr«. 
large and smalL Screw a piece of polished mahogany 8 inches 
long by 3 inches broad, and f inch thick, flat against the bulk¬ 
head. About two-thirds of the distance from the bottom insert a 
couple of brass eyes side by side. The dividers may be shipped 
into these, and their points rest on a f-inch ledge or shelf, forming 
a foot to the bracket This shelf should have a moderately thin 
piece of india-rubber let flush into its upper surface, as a bed to 
receive the points without injury when dropped hurriedly into 
their place. To a landsman all this may seem needless trouble, 
but the sailor knows the value of the maxim—“ A place for every- 
thing, and everything in its place.” Moreover, a ship rolls and 
tumbles about in all directions—a house does not; so that afloat 
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So rEJV ^iV/) PENCIL HOLDER , 

it is absolutely necessary to have safe places of deposit for other 
things besides glass and crock ery. 

There is a very neat little American " dodge n for holding pens* 
which can bo purchased in Liverpool for a few pence, and is very 
useful It consists of a spiral spring secured to a thin back 
plate, and the whole is gilded» and looks quite ornamental. The 
pen is held between any two parts of the spring, One of these 
ingenioiis Httle contrivances will contain four or five pens or 
pencila It is secured to the bnlkhcad by a small screw at top 
and bottom* 



»IVII'EKS ruH EJ9E WJTFt OKI HA\p, 

When a ship is rolling violently, and it becomes necessary to 
consult a charfc, every seam&n is aware of the difficulty ex- 
perienced in keeping the chart and parallel raler on the table 
with one band, whilst with the other he is tryiug to tnampulato 
the tÜviders, Some clever fellow, who has evidently been pretty 
often in this tix, has inveuted a pair of dividers for with am 
Hand, which are worthy of Corning into general usc, They wcro 
linst shown to the writor hy the captain of a schooner-yacht on 
the Clyde, who claimed to be the iaveutor, The dividers are 
repreaented above, and it wiü be Seen that they are opened by a 
pressure of the pal in of the hand on the circular pari, which 
causes the leg» to ovcrlap each other and the pointa to separate, 
The dosing movement is readity controlled by the thumh and 
forefinger, which, for this purpose, act agsinst the palrn pressure. 
As they are un patented, they can bc ordered from any Instrument 
m&ker, and can be made with any degree of finbh ** to mit M* 
pocket" of Ihe purchaser 






CHAPTER IX 

THE PELORUS, WIJTH REMARKS ON AZIMUTHS. 

This valuable instrument, the invention of Lieutenant Friend, 

RN., deserves more than a mere passing notica Its utility is so 
great that every iron ship should be provided with ona 

The Pelorus is a dumb cord —that is to say, a compass card with- Dumb 
aut need'e *—made of brass, enttrely unmagnetic, and not partaking 
in any way of the character of a compass, except that its face 
shows the points and degrees in the usual manner. The card is 
something less than 7 inches in diameter, and is mounted on 
gimbals, which, in conjunction with a central balance-weight 
sospended from the under side of the instrument, enables it to 
preserve its horizontality, whatever the motion of the ship may be. 

The card revolves on an upright pivot like a “ teetotum .” This 
pivot also serves to carry the sight vanes, which can revolve 
upon it independently of the card, or can be secured to it at 
pleasure by a large milled-headed screw surmounting the pivot. 

One of the uprights of the sight vane is fitted with a thread, and 
bas a binged mirror or speculum at its base, and the other has a 
coloured eye-screen, which is made to slide up and down the bar at 
will A fore-and-aft mark on the inner ring does duty as the 
lnbber’s point or ship’s bead, and another smaller milled-headed 
screw on the fore part enables tbe card to be clamped to this 
mark at any desired course without fear of shifting. The whole 
thing is so simple, that anyone looking at it can understand the 
irrangement in less than five ininutes. The apparatus is enclosed 
in a mahogany box some eleven inches square, and from which it 
w inseparable. 

The patent-right having long since expired, the instrument is 
now constructed to Order by ulmost any compass maker at a cost 
of about £3 10s. 
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STANDS FOR PElORÜS, 


Havhig a Pelorus, the first thing is to provide suitable Stands 
for it in varions parts of the ship, so that it iriay Le ino%*ed 
from one to the other as may be found convenient Souie- 
tiinea at one position a sali, the funnel, a mast, or an important 
passenger, may be in the way of the body to be observed, in which 
ease the Pelorus tan be retnoved to another spot where the view 
is unobstructed It will be found advantageous to fit at lead 
four such Stands—one ou each side of the bridge, and a couplc in 
the neighbourhood of the quartcr-dcck. A skylight, the top 
corner of a deck-house, or a meat safe, will answer the purpose 
very well The Stands on the bridge may be made in the form of 
a small table without legs, to bracket againstthe handraiL Som© 
men go to the expense of a couple of turned teak-wood pedestals. 
The places selected need not be amidships—iu fact, they ar© 
better wheu not *so; but, wherever they may be, it is ahwtutelg 
necessarg that great painä Mhould be tal-en to ensure the fort-<md~ 
oft tim of the imtrumtnt bring sfneth/ parallel with the *hip u § 
keeL 

To effect this with certaiuty (the Instrument being in it& 
intendod position—say 011 the starboard or port side of the 
bridge), oieasure carefully the horizontal dbtance of its Centre 
froui the midship scain» and lay off thfa distance on the deck 
botk at the bow and stem end of the ves$d, At each such place 
ercct a batten, and see that it Stands perfectly pturnb; the sbip 
herseif is, of course, suppoaed to be 011 au even beain; then aet 
the North point of the card (though any other will do just aa 
Well) to tho lubber line, and clamp it there by the small luilled* 
headed screw at the fore side; release the sight vanc, if clmnped, 
and turn it 80 that the ceutre mark at the base of the upright 
hol ding the thread may also coincide with the North point; place 
the box by eye approximately square with the forc-and-aft lioe 
of tho »hip, taking care, of course, that th© lubberis point in 
for ward; now look from aft for ward through the sight vanea, 
and *1u© the box slowly one way or the other tili the hatten at 
the bow ls »een in one with the threaA 

Wheu exact coincidcnc© is cstablishcd, the result thus far in 
satisfaefcory ; huf to render it complctcly so, turn the sight van© 
half round on it» axis without inoving the box in any way, and 
»et it to the South point of the card If now, on looking at the 
aft*:r hatten, it ahuiild bo found U> be cxactly in one with the 
thread of the vane, all is well, and the fore-and-aft line of the 
Fdoru* coiucidca truly with the forc-andaft liue of the »hip, 
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The instrament must now be secured in this position by an all- mtct to a of 
round coaming about an inch high, forming a seat into which the SmpSmüSSS % 
box can at any time be shipped without further trouble. Bore a wlUlkttL 
couple of holes through the coaming in each of the sides to act as 
scuppers. Do not take down the battens tili the coaming is fitted 
and finished, when the line of the instrument should be again 
tested. If found to be slightly out, it can be remedied by a 
couple of milled-headed screws, at the side of the case, which act in 
opposite directions, on a sliding block carrying the trunnion of 
the gimbaL When this last adjustment is perfected, the side 
screws must not again be toucked; and if on completing the 
remaining Stands, their fore-and-aft lines be found not quite exact, 
it will be necessary to alter the coamings until they are so. In 
fixing the quarter-deck Stands, the after battens can be dispensed 
with. 

If at any time the ship should be in graving dock where some 
distant object can be seen, it will be very easy to test the relative 
accuracy of the Stands by the following method:—Place the 
Pelorus in any o le of its receptacles; clamp the North point of 
the card to the lubber line, and, looking through the sight vanes 
at the distant object, ascertain its bearing to the nearest quarter 
degree; remove the instrument to each of the other Stands, and 
if the various bearings agree, it is evident that the fore-and-aft 
Une of each Station is also in agreement. 

It must not be understood from this, that the Pelorus gives the 
real bearing of the distant object; it merely gives the horizontal 
angle between the object and the ship*s head. The term “bearing” 
is in this case used merely for convenience. 

To ascertain if the lubber-points of your deck compasses agree Ad j ugtment 
with the Pelorus, unship the cards, put a small piece of cork on of oomp&u 
the point of the pivots, and replace the cards with their North IuW>ir Un#Ä * 
points to the lubber line; put on the glass covers; ship the 
azimuth instrument, and take the bearing as befere. 

Each compass now becomes a dumb card in itself; should there 
be any discordance, put up the battens and test the fore-and-aft 
Hne of the Pelorus; if found correct, it must be the lubber-points 
of the compasses which are astray. These are easily painted out, 
and ruled in afresh in their proper places. A soft black lead 
pendl is the best thing to do it with 

The distant object used in this Operation should not be nearer. 
than six or seven miles, unless it bear nearly aliead or astern—■ 

«ay a couple of points on either bow or quarter, when four or 


H 
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five miles will suffiee- If the strn be ahining, you are of courso 
independent of everything eise, sinee you ean, if you are smart, 
Ilse it as the distant object The sun'a bearing will sei dom alter 
30 much in the minut© or so required to shift the Instrument 
quickly from one place to another, as to introduce any nppreciable 
error; but if extreme aecuraey be required, it is an easy matter 
to get the exact change of bearing correspoirding to tbo Laütudc, 
Dedination, and Apparent Time from Burdwood's Tftblea 

The Pelorus is hnndy for many purposes which will be referred 
to hereafter, but its chief use is to ascertain the Deviation of the 
compass, or to set the course. Before going iuto the details of 
how trhiä is to be done, it will perhaps be advisable to say some- 
tliing about Azimuths. The general practice ou board ship is to 
observe an azimuth or bearing of the sun by coüjpass, at the same 
nt time that the momiug sights are taken: the sun s altitwJe f as 

found by these sights, is used to find the true azimuik This is a 
roimd-about method involving much needless labour, and sbould 
be abolished now that tables are publishcd which give by simple 
inspection the required Information. 

It will be müde clcar further on, that in an iron vessel the 
Deviation requires to be determined pretty frequently; and to be 
constantly getting out one's sextaut to 11 ahoot the stiu/ and after- 
wards take the bearing, und then work up a lengthy problem, 
is not conducive to this emL Half the trouble and all the fuss 
may be avoided by using the method wherein the time, iustead 
exf the aUitude, is employed This is calied the method of ** Time 
Azimuths;” therefore, when, aecoidiug to common custom, an 
azimuth is taken along with the moroing sights, instead of labori- 
ously figuring out the sun'a true bearing by the cdtitude-a^imulh 
problem, the hour angle (time from noon) found by the eights cau 
be employed to take out the true bearing direct by mspection* 

AZJMXrru TA R IxKa 


Ttm* 

aalmaUu. 


ßiirdwaod*! 


Some sixteen orseventeen years ago,Staff-Coiriniander Burdwood, 
RN. # publishod a book entitled : “Sun'a True Bearing, or Azimuth 
Tablea,” in which is giveu the sun's true bearing at intervaU of 
4 minutes for each degree of hilitude between 80* and 30’ in 
T*Mü both hembpherea Io 1875, Captain Davis, RN, f brought out an 
extension of these tables down to the Equator, so that at the 
present time the suns true bearing can be taken out from the*o 
books for any latitude between $0 north and GO' south, and for 
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any time between sunrise and sunset cxcepting when the altitude 
exceeds 60*. 

There are, however, many men prejudiced enough to believe ^ 
that the “ old-fashioned plan,” as they call it, is preferable to the 
tables, as the latter, in their estimation, are liable to error. These asimutiia 
are the men who insist upon their officers working up azimuths 
aecording to the “ Epitome method.” They forget, or do not 
know, that in all calculations the greater the number of figures 
employed, the greater the liability to error; and surely trained * 
Computers are less likely to make mistakes than seamen, who, by 
nature of their calling, are not nearly so well versed in such 
work. The writer does not mean to say that the tablcs are in- 
fallible, but he will back them at odds against the figures of the 
‘antediluvians’ who pooh-pooh them. By glancing the eye up 
and down the column, and across the page to the right and left, 
a mistake of any importance is detected in an instant by the 
want of harmony in the run of the leading figures. In working 
out any problem in navigation, one might just as well refuse to 
employ the ready-made tables of secants, sines, and tangents, and 
insist upon computing for one’s seif the necessary logarithms for 
each particular case. 

Burdwood, in his preface, says :— 

* Besults exhibited in a tabular form have certain advantages. Reai<m ^ 
In these tables, for example, the value of an error in either of the preferenoe 
three elements used in the computation is seen at once, and hence 
the most desirable time for making the observations, so that an 
error in either the Apparent Time, Latitude, or Declination, shall 
produce the least error in the true bearing.” 

To use these tables, it is necessary to know the Latitude and 
Declination each within half a degree, and the Apparent Time at 
Ship within, say, a couple of minutes; but this latter depends 
upon circumstances, as reference to the tables will show that, 
ander certain conditions, the sun's bearing will not alter one 
degree in an hour, and at other times it will alter a degree in 
three minutes. Herein, as Burdwood justly says, lies one of the 
great advantages of the tables. 

AFPAHENT TIME AT SHIP. 

Though the finding of the Apparent Time at Ship is a simple 
Operation, yet few know the right way of doing it; therefore it is 
as well to givo a couple of examplea It is premised that the 
longitude is known within a quarter of a degree or so. 



To find 
Apparent 
Tirue at SMp 
and aet 
poeket watcb 
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Writö down the error of Chronometer, prefixing the plus ( + ) 
sign if it is slow, or the tittftus ( - ) sign if it is fast 

Write down the Equation of Time taken from page IL of the 
Nautical Aimauac, and correct it rottghly for Greenwich Meu 
Time. If the precept at the head of the column aays the Equation 
is to be subtracted from Mcan Time, prefix the minus sign; bat 
if to be added, prefix the plus sign. 

Turn the longitude into time, and if it is westerly, prefix the 
minus sign; if it is easterly* prefix the plus sign. 

If the three quantities should happen to have similar signs, ad<l 
thern together, and prefix the common sign; but if the quantities 
should happen to have unlike signs, add the two similar ones 
together, and t&ke the dtgermcs hetween their mm and the unlike 
quantity, prefixing the sign of the greater. This remainder will 
be the arnount, wtüch (to find Apparent Time at Ship) Is either 
to be added to or subtracted from the Chronometer time, according 
to its sign. 

Ejr impte ; Jan. 16th, 1880, about lö houre RM at Greenwich ; required to 
ktiüw the Apparent time at Ship t the longitude being 64* 38' West, and the 
SIför of the Chronometer 4m. 22a. slow of Greenwich Moun Time, 


Longitwfc, 38' - 4 18 82 j H*\mg Ulte ttgni, tdd tbera 

of te . - 0 10 3 j together. 


- 4 28 35 | Häring unlike sigmr, Ufce the 

Error of Chronometer +0 4 22 f difftfrcaea. 

Chr. f*üt of App* Time at Sbip - 4 24 18 

Therefore, to find Apparent Time at Ship, it will merely be 
necessary to subtract 4h. 24m. 13s. from the time shown by 
Chronometer. 

To set your wateh or clock, fix npon a given Time, a miaute or 
so in advtmce of w'hat the Chronometer actually shows, to enable 
you to prepare ; lut the time by Chronometer at W’hieh you intend 
to regul&te your watch be I0L 26m* 13a; subtmet from this 
4h. 24m. 13a t and fjh. 2m, 0a will be the Apparent Time at Ship 
wheu the hands of the Chronometer arrive at l<»h, 26m. 13a. 

This matter of setting the wheelhouse and other clocka to 
Apparent Time at Ship is such an every-day necessity, that wo 
will give one more example. In this case the longitude is Eo*t, 
and the Equation of Time and Chronometer error are buth 
additive» 
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Exam. 2: September 24th, 1880, about 4 p.m. at Greenwich ; iequired to 
know the Apparent time at Ship, the longitude being 17° 40' East, and the 
Chronometer 8m. 25s. slow of Greenwich Mean Tima 


Longitnde, 17° 40* F. 
Equation of time... . 
Ereorof Chronometer. 


H. M. s. 

,+ 1 10 40 ) 

+ 0 8 16 

+ 0 8 25 ) 


Having like rigns, are all 
additive. 


Chr. alow of App. Time at Ship + 1 27 21 


Here we have lh. 27m. 21s. to be added to the Chronometer time ; 
90 , to make the even minute for the watch, let us fix upon 
3h. 54m. 39s. by Chronometer; adding the above correction to 
this, we get 5h. 22m. 0s. as the Apparent Time at Ship when the 
hands of the Chronometer arrive at 3h. 54m. 39s. 

It will be noticed in both these examples that, in choosing the 
Chronometer time at which to regulate the watch, the proper 
number of odd seconds has been allowed, so that the watch may 
be set to the even minute without the trouble of counting seconds, 
or of estimating them when there is no second-hand. 

The following example shows the mode of ascertaining the 
deviation by using the azimuth tables:— 


TIME-AZIMTJTHS OF THE SUN. 


Saturday, January 17th, 1880, about 0*45 p.m., the sun was observed toExampleof 
bear by Standard compass S. 15° W., when a Chronometer, which was 4m. 

23a. slow of Greenwich Mean Time, showed 5h. 29m. 30s.; latitude by account, Time at Ship. 
40° 12' North; longitude by account, 70° 50' West; Variation at place of ship, 
comcted for secular change, - 9$°. Here, be it underatood, that Easterly 
Variation or deviation is always represented by the plus (+) sign, and Westerly 
Variation or deviation by the minus ( - ) sign. 


H. M. s. 


Tim« by Chronometer. 5 29 30 

Chronometer slow of G. Mean Time .. + 4 23 

Greenwich Mean Time. 5 33 53 

Comcted Eqtta. of Time, page IF, N. A. - 10 19 

Apparent Time at Greenwich . 5 23 34 

Lcugitude in time . “ 4 43 20 

Apparent Time at Ship . 0 40 14 p.m 


Declination 
corrected for 
Greenwich 
Mean Time, 
20° 4tf South. 


Open the tables at the nearest whole degree of latitude (40°) Example of 
having the declination of the contrary name; this will be found Axünutb. 
at page 109. In the right-hand margin seek for 0h. 40m. p.m., 
and ander 21°, the nearest whole degree of declination, will be 
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found tlie Bims true bearing IG9J 1 , which, according to the 
precopt at the foot of the left-hand page, is to be reckooed from 
North to West 

The work now takes tliia form:— 


©*» Tri« bcÄrioc ftt Oh* 40m* PM... N* W. 

ISO* 


©** Tri« lwurin^i witU nAnnechang«! 
fur oonvi»m«tic»* .,...*.*.«*** 
y&riitum by chart .*.*.....*** 

©*■ Corner mifwlle Wrin£*. - - * * 
©*i Be*rmg by raropu *****-..»- 


a 104* \v. 

* Applied to tho right 


8. 20° W.] 07 

3. 15" W. 


wllat St vould bc ln A 
§hip uLinfluBJiced by Irou, 


Deviation 


Becmu Iho <?onr. tnitf + Nvidf to to 
the rijhi ul tba Otfaip» Lwrfi<i«. 


It will be uoticed that in applying the Variation to the sua'a 
true be&ting, it is added (because Westerly), altliough the minus 
( * ) sign is prefhted The minus ( - ) sign in thia ease is only 
tlie natne of the Variation, and does not mean that the quantity 
following it is to be subtracted The deviation is + 5* which mean», 
in liko man nur, that its name is Easterly, Similarly, astronooiers 
distinguish North dectination by the plus ( + ) sign, and South 
declination by the minus ( * ) sign, It is quicker than vsriting 
the würd it exprcssea 

In finding the eorreet magnäic bearing from the true bearing, 
stand in Imagination at the centre of your compass-card f lookiug 
outwards towards the margin, and apply Westerly Variation to 
the right, and Easterly to the leffc. To find the eompau courm 
from the correct magnttic eourw, apply the deviation in exactly 
the sause man non 


TIME- AZIMUT HS OF THE STARS. 

Although Bimlwood and DuviVs Tables aro termed “ Tables of 
the Sun** True Hearing or Azimutb,” they may, not withst&nding # 
be rnade avaüable for debertimiing the true bearing of the mooii, 
pUriota, and st&rs, when the declination of those boctiea rangea 
between iS* N. and 23* S, Tlie following is a t&ble of the meau 
place* of utars of the Ist and 2nd magnitude inctuJed within that 
ränge of declmatioo for January Ist, 1881, 
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Nahes or Stab«. 

Mao. 

Rioht 

Asc&nsiok. 

Annual 

Variation. 

Declin¬ 

ation. 

1 Annual 
Variation. 

6 Ceti. 

2 

H. M. 8. 

0 37 36-0 

+ 3*01 

• / M 

1838 25 S 

+ 

H 

19*80 

a Arietis.. 

2 

2 00 280 

+ 3*37 

22 5366 N 

+ 

17*20 

aTmii (Jtdtbaran) . 

1 

4 29 5*6 

+ 3 44 | 

1616 7 N 

+ 

758 

ß Oriania. (Kyjd) . 

1 

6 8 49*1 

+ 2*88 i 

820 268 

+ 

442 

i Orients.. 

2 

5 25 55*6 

+ 3 06 

023198 

+ 

2*93 

t Orion».. 

2 

5 30 10*5 

+ 304 

116468 

+ 

2*59 

a Oriente. (BcUlgutte) . 

1 

5 48 43*8 

+ 325 

723 00N 

+ 

0*98 

a Cutis Maj. (SirtKAj. 

1 

6 39 54*2 

+ 2*65 

1633148 


472 

• Canis Minoris (Procgon) 

1 

7 33 4*4 

+ 3*14 

6 3142 N 

_ 

9*01 

a Hjdne. (Alpkard) . 

2 

9 21 44*3 

+ 2*95 

8 8378 

_ 

15*43 

a Leonis. (Regulus) . 

1.2 

10 2 2*0 

+ 320 

123254 N 

_ 

17*45 

Y 1 Leonis . 

WM' 


+ 3*32 

20 2634 N 

_ 

18*08 

ß Leonis. (Dtmebola) . 


11 42 59*3 

+ 3*06 

15 1414 N 

_ 

2010 

a Virginia (Spiea) . 

u 

13 18 55*4 

+ 3*15 

1032238 

_ 

18 92 

a Bootis. ( Arcturus) . 

91 

14 10 140 

+ 273 I 

194811 N 

— 

18*83 

filibne. (Zubendg) . 



+ 3*22 

856348 

_ 

1352 

ß l 8eorpiL . 



+ 3 48 1 

19 2843 8 

_ 

1016 

* Opfaiuchi (Mas Alhague) 



+ 278 

123853 N 

_ 

2*87 

• Aqtrike. (Altair) . 

1.2 

19 44 58*6 

+ 2*93 

833 sK 

- 

9*25 

«PegasL (Jtarkab) . 

2 


+ 2*98 

14 33 53 N 

- 

19*32 


Brlffht «tan 
wlthln 88*11 

and an. 


When there are two figures in the magnitude column, they 
signify th&t the star occupies an intermediate place. They are 
sometimes written in one Order, and sometimes in the reverse, 
thns,—1*2 and 2*1 mean that the star is below the Ist and above 
the 2nd magnitude: in the former case, nearer the Ist than the 
2nd; in the latter, nearer the 2nd than the Ist The separating 
dots are not to be considered as decimal points. 

It is perfectly wonderful how few men avail themselves of the star- 
stars on a fine night, to see how their compasses are behaving. AllIimtllÄ ’ 
This arises principally from an ill-defined idea, that any problem 
connected with the stars is much too difficult to be meddled with. 

How different are the actual facts !! 

Azimuths of the stars, planets, and moon, are just as easily Advantage« 
and as quickly worked up as azimuths of the sutu Aatantfc« 

The former possess a decided advantage over the latter, inasmuch 22j^ un °* 
as a mistake in the working is at once detected if you observe a 
conple or three stars, since, having different elements, the computa- 
täons are independent of each other. Whereas you may take 
20 azimuths by the sun, and even though all agree, they may 
cvery one be greatly in error, through having been inadvertently 
worked in each case with the wrong Latitude, or Declination, or 
Time 

The greater the number of observations, the more the error 
would be confirmed, and though you might somewhat wonder 
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at it, you wotild probably accept the result, and perhaps get led 
into dangen Now, with the stars the case is entirely different, 
as the one is a check upon the other. 

To find the hour angle or meridian distance of a star, a planet, 
or the moon, you have mercly, on taking the bearing, to note 
time by the Chronometer, and proceed as followa :— 

To the time shewn by Chronometer, apply its error for the 
day—the result will be Greenwich Mean Time, to which 
apply the longitude in time, adding it if the longitude 
be East, and subtracting it if the longitude be West; the 
result will be Mean Time at Ship. 

2ud, Take from the Nautieal Almauac (page II. for the month) 
the Sidereal Time (last column), and add to it the accelera- 
tion on Greenwich Mean Time, found in the kable for the 
purpose on page 4-80 of the Nautieal Almauac for 1884, or 
Table 88 of Nories Epitome. 

3 rd* Add together the Mean Time at Ship and the corrected 
Sidereal Time; from the sum, increased if necessary by 
24 hours, subtract the right ascension of the star; the 
remainder will be the star's hour angle West of the 
meridian. 

If tho remainder be greater than 12 hours, take it from 24 
hours, and the result will be the hour angle East of the meridian. 
Should the remainder be more than 24 hours, reject 24 hours, and 
the result null be the hour angle West of the meridian.* 

Thli last part will seeni somewhat confusitig to the boginncr, 
but it is nothiug like so difficult as it looka Moreover, should 
the re be any doubt as to the amount of tho hour angle, or its 
name, the question is eaaily settled by reference to Norie a Table 
44, where the apparent time is given on which tho priucipal stan* 
pass the meridian* 

Knowing more or leas the time at ship when you made tho 
obeervation, and by Table 44 the apptoximaie time on which the 
star will pass the meridian, you at once seo whether the star is 
East or West of it But, independently of this, in aetual practice 
the ob*tTvtd compass bearing of the star will ncarly alwnys teil 
you which aide it is, provided you apply to it the Variation and 
iipproximate devUtkttL The preceding rule for findiDg the star s 
hour angle appties also to the tnoin and Other planeta 

Burdwood 1ms a caution near the eud of his preface, to Um 
effect— 


# Tu un-lünrtAti<J lUli, uid«apmWnt uf any prioted ntle, f«!cr to dwgrmm on p*(*£4ft. 
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* With reference to the note at the foot of each page of the £*n band 
azimuth tables, as the sun in the forenoon or A.M. is East of the 
meridian, and in the afternoon or P.M. West of the meridian, in 
applying the note to indicate the bearing of a star, substitute wtsi& San. 
Bad of the meridian for A.M., and West of the meridian for P.M.” 

In taking from the tables the azimuth of a star, or the moon, its 
hour angle must aJways be taken from the riyht-hand column of 
the page, nnder the words, “ Apparent Time, P.M.” The subjoined 
ezamples will, it is hoped, show with what ease and certainty 
star, planet, and moon azimuths can be worked. 

Bxmnjde L—About 10 p.m., Saturday, JaDuary 17th, 1880, ship being in 
ktitude 30° 20' N., and longitnde 73° 11' W., the star Siriua was obeerved to 
bear, by Standard compasa, S. 15j° E., when a Chronometer which was 4m. 
tk slow of Q.M.T. showed 14h. 42m. 06a. Variation at ship’s place, - 7*. 


Time by daun. 

B. 

14 

M. 

42 

a. 

5 

Declination of Sirius, 16J* S. 

Ewar. 

+ 

4 

24 

Open Burdwood’s Tables at 

CL X. time . 

14 

46 

20 

latitude 39*, contrary nanu 

huptndi in time . 

-4 

62 

44 

to the declination (page 09), 
and with declination 16t* 

Mein Time at Ship . 

0 

63 

45 

and hour angle 0h 58m. in 

Sdereal Time from N.A . 

10 

45 

12 

theright-hand column, look 

Acoalcration for 14h 46m. 20b. 

+ 

2 

26 

for the bearing by inteipola- 
tion, which will be found to 

&A. of the meridian. 

20 

41 

23 

be 163t*; this, according to 

&JL of •&rin* . 

6 

30 

64 

the precept at the bottom of 
the left-hand page, is to be 

•b hour angle. 

23 

01 

20 W. 

read from North to East 

24 

00 

00 

The remainder of the work 
is as followB .— 

•b hour angle. 

0 

68 

31 E. 



IVm bearing of • Sirius at Oh 68m. East of meridian. 


Variation by chart. 


with n&mechanged.. 


N. 163f E. 
180° 


S. 16j* E. 

- r 


Ezampla of 
Star-As&mutli 


Start correct magnetic bearing.. a 9J° B. 

Start cotmpan bearing. . a 15t* E. 


Deviation 


+ 6 }* 


TIME- AZIMUTHS OF THE MOON. 

As a check upon Sirius, the moon’s bearing was observed a few 
minutes later; and the figures are given to show the similarity 
of the working. 



















E^ajuplu Ol 

Mnon- 

jLzimuttL 


«Ir W 
Thomson’i 
Asfmutii 
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SIR W, THOMSOWS AZIMrTH MirtROn. 


Mx, 2—Hearing of tno on by nompass N. 89* W, At 14h + 40m* 41a, hf 
Chronometer* Other condition« Mine ns in JE* h 


Time by ehronometer.. 

n, 

14 

M. 

40 

A 

4L 

Error...... 


4 

24 

Greenwich mt*n bin« .,____ 

14 

54 

05 

Longitudü in time .. ... 

- 4 

62 

44 

Meia time at ship .. 

10 

01 

21 

ßklereal time (page II, Nwit AJut).. 

19 

45 

12 

Accelemtion for UL 54m, 05a. 

4- 

2 

27 

Right Ascension of tlie meridinn ... 

Moon'a Ilight Ascension (page %, f N.AJ 

29 

49 

00 

0 

45 

00 


29 

04 

00 

Rnject „i.i-1,,i 

24 

00 

00 

Hoofft hour angle .... 

5 

04 

00 w. 


Iffatm'a dedlfi. for hrt., 
O.U,T +l from pac« A, 
Nftul Alta. ^ 10*- X, 


Open DurdworiJ'i T&hltb g| 
Jwf* W, Utitmle 


and »Hb tltfllirtton l«|* 
*nd h(Hirwi£ieih, im. i« 
IA# fi^kt-hand 
loolr for tlio bttfiitf, 
which, hf lht*rpaiitt«ja» 
«US b* föuftil tu b» M*; 
IhK BccxiHJnf tu Um 
prewpt M. the bottom i.f 
tbc pag«, U tobe mkooetl 
from North to W*4. Tn* 
r?wifid*r of th« »ork L* 
u follAw* 


Tntr beAring of oioon at 5h, 4m Weil of the meridian N, ÖOJ* W. 
Variation hy chart ..... ....~ 7* 


Moon's corrcct magndic bearing...... N. 83|* W. 

Moon’s #mpa*$ bcaring ........... N, 89" W. 


Deviation 


+ 5J* 


Tliis result only dilTors a quarter of a degre© frorn that given by 
Sirius, and pröt T os the observations were carefully taken. TH© 
Instrument used for tlie purpoe© was Sir William Thomson*© 
arimuth mirror, which enables benringa of sun, moon, or stars to 
be taken with the utmoxt mm and precision. The writer hss 
frequently taken azimuths of five different atars by it witliin a 
rainute or so of each other; and when worked up, tho greateat 
difference between any two ha« not 6&c*eded half a degrce, and 
sometimes the resnlta have all agreed to the «am© quarter of n 
degree. There is no other Instrument for nautlcal use capable of 
such extreme accuracy. 

After the sun and moon t planet« aro most easily observed for 
arimnths, ©special ly Venus and Jupiter, which are young moons in 
thcmselves. Among the fixod stara Sirius is first favourito, Hut 
if the silvering of the Azimuth Mirror b in good order, it b not 
impossiblo to get stara of the 3rd magnitude in casea which admit 
of their heilig picked out with certainty from amoug others near 
to them* 

For night work a special Bull s-eye lamp of copf>er b the correct 
thing. TUb lamp should be imd wholly and sdely for navi* 
gating work, and when empleyed for aziiunths ought to he HelA 
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well behind and above the observer, in such a manner as to 
concentrate the light on the far aide of the compass-card. The 
working out of planet azimuths differs in no respect from tbose 
of the moon or fixed stars. Their Right Ascensions and Decli- 
nations will be found between pages 226 and 265 of the N. A. 
for 1884. 

In the first of the examples just given, both the times and the 
dedinations unfortunately necessitated interpolation in taking out 
the fcrue bearinga. Tliis is a little awkward when it happens, as a 
eertain amount of mental calculation is required to hit off the 
txadt value of the bearing. But, after all, it is not a killing 
matter, and “ practice soon makes perfect” 

TOWSOITS AZIMTJTH TABLEB. 

So far, allusion has only been made to those stars whose 
dedinations ränge between 23° N. and 23° S.; but to confine the 
navigator to these alone would be to deprive him of the aid of 
6ome of the brightest stars in the heavens. To meet this difficulty 
Mr J. T. Towson has compiled a set of very useful tables, by the Towlon ^ 
help of which, and a very trifling amount of computation, a few 
seconds suffice to find the true bearing of the conspicuous stars 
whose dedinations exceed 23°. 

The table referred to is numbered VII. in Towson’s “ Practical 
Information on the Deviation of the Compass, for the use of 
masters and mates of iron ships.” It will be unnecessary here to 
gnre Mr. Towson’s rules, &c., as reference to his admirable book 
will satdsfy the reader as to their utility. To show, however, the 
eondseness of the method, as well as its accuracy, the true bearing 
of Sirius (Example 1) is again worked out according to Towson— 
wde his Table VTL, page 98. Data as before. 

• » 

Are I. 17 3 

Latitode . 39 20 

Are II . 56 23 


Log I. 

Log II. 0.0794 

True bearing) - 

of Sirius \ S. 16A°.E. = 94724 


Surdy this method is simple enough, and concise enough, to 
please anybody. In table III. of the same book, the suns true 
bearing, or that of any of the heavenly bodies whose dedinations 
do not exceed 26J° North or South, is found in precisely a 
nmilar manner, so that, next to actual iiispection by Burdwood s 
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and Davis’s Tables, Towsons inethod may be Iooked upon as the 
niost convenient mode of working azimuths. 

The practical conclusion arrived at from the foregoing amounts 
to this—if the declination of the body observed is within 2V one 
side or the other of tlie Equator, it is preferable to take the 
aziirmth out by inspection from Burdwoods and Davisa Tables; 
but if the declination exeeeds 23°, then recourse should be had to 
Towson’s Table VII, The Latitude, Declination, and Time heilig 
given, a man reasonably sniart at figures can work the azimuth 
by Towson'g book in a fcw secontla under a mmuU* 

BEV1ATIOIT BY THE PELOBTJB, 

To revert to the Pelorua The following is the method to 
pursued to find by it the deviation of the cnmposs on any course 
which ifl being 6teered at the time;—Work np position by dead 
reckoning from last observation ; prick this off on the Variation 
chart, and note corres ponding Variation; correct this for the aunual 
Chan ce by the chartlet at the north side of the sheet; set your 
watch to Apparent Time at Ship as already instructed ; suppose it 
to be about 2 RM, Then open Bnrdwoods or Davis s Tablos ; and 
to allow yourself sutficient time, ascertain the smis true bearing 
a quarter of an hour or so in advance, say for every four minut**s 
between 2 1fi and 2 24 rm. Apply the Variation taken from the 
chart in order to convert the trwe bearings into correct map net ic 
ones; write these latter with corresponding times down on a slip 
of paper, and yoa are ready to begin when the time comca 

We will snppose there are several compasses in the ship (5 is 
not an u ti common numher), and that you wish to ascertain the 
deviation of each by simultan eous observationa. Of conrse you 
are provided with a whistle, Station a 1 hand * by each conipass, 
With instructions to note the exact direction of the ships head 
when he hears the whistle,* 

The Pelorus being in its stand, nnclamp the card, so that it may 
be free to revolve on its axis; set the sight vane to the sun’ti *' cor¬ 
rect magnetic" bearing, corresponding to the Apparent Time by 
vvatch, and seeure it fimdy to the card by the large millcd-hcaded 
screw on top. Teil your assistants to “lookout/ 1 and the ship 
being nicely steadied on her course, move the card, with sight 
vaues atiaehed, to the right or left tili you see the suti’s itnage 
rt Hected in the speculum and hhected by the thread; then whistle, 
and continue to do so, say for half a minute—so long as the sun 

* An lifflwr wttbuut * whl*tle im Itke & »tUiiiul • kuif». 
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is ent by the thread (of course it is understood that the card is 
not to be again moved after the first whistle). Now note the 
reading of the card opposite the lubber-line, and this will be the 
actnal “correct magnetic” direction of the ship’s head at the time 
the signal was mada The compasses, if free from error, will in- 
dic&te the same thing. Should they not do so, the difference be- 
tween the ship’s head by Pelorus and the ship’s head by compass 
will be the deviation of that particular compass on that particular 
course. The rule to determine its name is this:— 

If the “correct magnetic course’* be to the left of the "compass KuiMfor 
course ” (looking outwards from the centre of the card), the devia- d«tuUoil 
tion ia westerly, but should it be to the right of the “ compass 
course ” the deviation is easterly. 

Westerly deviation throws a ship to the left of her course, and 
Easterly deviation throws her to the right. Exactly the same —in wfaat 
effect is produced by Variation of the compass, and in this respect 2222? 
the two are similar. 

One of the first things done by a lad going to sea is to learn 
how to "box the compass;” but the old sailor’s method of doing 
this in points, \ points, and \ points, will soon be obsolete. The 
Student of to-day, who takes a pride in his profession, will learn 
how to M box the compass ” in degree8 —that is to say, he will 
learn to teil off-hand how many degrees correspond to any given dtgrtes. 
compass course reckoned in points or parts of a point. It should 
aot take longer than an hour to master this important matter. 

To sei a course by Pdorus, the Operation is very similar to that srtttnr 
deseribed above. Proceed as before, except that this time the 
card is to be clamped not only to the sight vanes, corresponding to 
the sun’s bearing at the appointed time, but also to the lubber’s 
point at the correct magnetic course you wish to steer ; thus, both 
the card and the sight vanes will be immoveable. Under these 
circumstances you must starboard or port the heim until the 
thread bisects the sun’s image in the speculum; when carefully 
steadied in this direction, whistle as a signal to the helmsman and 
thoee looking out for the other compasses, that the vessel is on 
her course, and to “ keep her steady as she goes.” 

Among the many advantages this instrument possesses, it 
oiables the deviation of any number of compasses to be found by 
one observation, and this deviation is quite independent of the 
error due to any possible displacement of the lubber-lines. 

The principle of the Pelorus is merely this, that it mensures the Prindpla of 
horizontal angle between the sun (or other object) and the ship 9 8 head , tüe Peloru1, 
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Uuder certain simple eonditions the un&ssisted eye can do the 
sarae thiug, only somewhat less accurately. For example, at the 
instant of ooon to au ohserver in the English Obanne], the sun 
bears South (truc). If now, the vessel is so manoeuvred by her 
heim as to bring the sun on the port beam—say on a line with 
the bridge haudraU, or tlie forward or after sido of a deck-house, 
hateb-coaining, or skylight—it is certain that her head mußt be 
West (irae): if the heim sliould be ported so as to bring the sun 
dead uft in a line with the masts, the «hip a head must be North 
(true): if the beim be still ported so as to bring the sun on the 
starboard beam, the ships head must be East (true): and lastly, 
if the sun be brought right ahead, the eourse must lie South 
(true). In this way tlie errors uf the com passes might be approxU 
matcly determined on the four points namei 

ln a ship there are many things which give true fore-and-aft 
lines, as well as tb wartship ones, but the inirrmediaie angles are 
wauting. The Pelurus supplies tlus deticiency, as it enables m to 
measore any angle between the beam and the fore-ani-aft line: 
and this is the view which must be taken of it You must divest 
yourself of the inclinatiou to consider it a compas #; to repeat, 
it is merely an Instrument for ineasuring the horizontal angle 
between any object and the strips head* Dumb cards without 
gimhals give mcorrecl—sometiines very incorred —results, and 
shtmld on no accomit be employed, 

There are a nurnber of Instruments now before the public which 
profesa to be * Com pass correctora 11 It is not proposed to discuss 
their relative merits ; but presuraiög them to bo right in principle, 
which in some cases is open to question, it would be heiter if 
they were termed “Compaq eourse eorrectora/ or “Deviation 
detectors/ 1 as the fermer name is quite in applicable. These 
Instruments are mostly complicated; and if by any chance they 
get a knock or a fall, it would be JitHcu.lt to rc-adjust them. 
Wkcreaa the construction of the Pelorus* white coriect in prin- 
ciple* is soextremely simple in detail, timt any sea-going enginecr, 
or a handy carpenter, coiild "put it to rights” wiüiout tmicli 
trouble* Tlie Felorus mu&t not, from the similarity of names, be 
confounded with another Invention, known as the Pdinurus—so 
called altera fnnious old Greck pilot—nor with the Polaris, botb 
of which are totally different insirumrriU The Pelorus will be 
ngain referred to wben "Cumpass Adjustineiit* comes to be 
insld on. 







CHAPTER X. 

THE STATION POINTER. 



This is an instrument tliat very few men in the merchant An lnstra- 
service are acquainted with even by name, and in the Navy it is ™^ttveiy 
Beidom used, except by officers of the surveying brauch. When ^ümown. 
the great practical value of the instrument is considered, this 
Statement seeras almost inconceivable. Of the many methods 
for aaeertaining a ships position when in sight of a properly 
surveyed coast, none can in any way compare for ease and pre- 
dsion with that in which the Station Pointer figures as the chief 
Msistant of the Sextant 

The Station Pointer is composed of a graduated circle of brass, Station 
having one fixed and two moveable arms radiating from its 
centre. The moveable arms turn in one plane round this centre, 
which is common to both, and where they pass outward under the 
circle have verniers attached, so that the angle either of thern 
make8 with the fixed leg, which lies between them and constitutes 
the zero point of the circle, can be readily measured. They are 
made of different sizes, and more or leas perfect in detail. All 
of them have clamping screws to set the moveable legs to any 
reqnired angle, and some, like a sextant, are fitted with tangent 

G 
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ecrews and reading microscopes* It is an «sc cmdingly simple 
Instrument to understand, and haa no special adjustments or 
delicate medianism to got out of order. 

Of eourse, like everything eise, the Station Pointer must be 
uscd a few times beforc actual expertness caa be hoped for. As 
befere etated, its use when einployed in connection with th© 
sextant is to fix a sllip’a position cm the diart by rneans of two 
horizontal angle© gubtended by three well-defined objects—such 
as towers, Mgbthouses, churebes, windmills, ialets, capes, pomts f 
mountain peaks, Hills, or other m&rks which may be foumi on the 
chart and duly recognised. 

Practica ln Eveiy aspiring officer should be eqiially as quick with the 
uiting sei* sextant in obeenring horizontal angtes as he gcnemUy is m 
unt Angls*. 0 | yaerv * n g vertical ones—the sun’s altitude, für instanee, Strang© 
to say, thia is not tite case. The majority of offi^ers seern to be 
under the Impression that the sextant can ordy be held in an up- 
and-down position, and never dream that it can just as easily be 
used on its flat to take horizontal anglea CI early such men liave 
never taken a **lunar distance," or they would know better. A 
sextant is useful to measure any klnd of angle, whether hori¬ 
zontal, oblique, or vertical, It should unquestionably be a pari 
of an officers education Lo learn to handle bis sextant so as to 
obaerve as readily and as accurately one way as the other; and 
to this end, therefore, du ring spare balf-hours in harbour, or 
when sailing along a coast, take the scxtants out of their cases, 
and let a couple or rnore otBecrs tneasur* horizontal angles simul- 
tancously, until by tho agreemcnt of mmlts it is kuown that 
proficiency is attained. 

Rai« fbr hoiä* taking a horizontal anglo hotween two objects, stand erect 
ia» acwa^or ar,t ^ P® rftct| y at ease, poiso the sextaut light ly in the right ha&d# 
fa.cc up, with its hm up, and level with the eye, do not cant the head to 
one slde, nor bertd forward—it looks awkward, and is unnecooiary 
—and with the left hand advance the index-bar along the arc tili 
coutact is rotighly establbhed, then clamp and perfect tho contact 
with the slow motion scrow, 

To securo distiuct Vision, it is advisable alw&ya to look dirvcf 
at the bunter objoct of the two, and retleet the brighter one to it, 
Consequently, whenever it happen* that the fainter object is to 
th© right hand, it may bu neccss&ry to hold the sextant face down* 
Thcro is absolute ly no di flicul ty about this matter that can not be 
overcome by n very moderato amount of praetice, and, in ©fter 
yeam, the knowlcdg© may pruve of incalculable vnlue. 
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To exemplify the use of the Station Pointer, let ns imagine a 
vessel s&iling along a weather shore beset with off-lying dangers, 
and desirous of hugging the coast to keep in smooth water, and 
gain her port,—say Holyhead, coming from Liverpool 

Let the reader refer to Admiralty Chart 1170®. 

As soon as Point Lynas is passed, the captain will naturally 
get anxious abont those bugbears to navigation, “ the Coal ” and 
“Etbe!” rocks. It is troe they are buoyed, bat strong running 
tides, gal es of wind and heavy seas, are apt to drag the bnoys 
from their proper positions, and so Iure to disaster, as in the case 
(not so long ago) of the S.S. M State of Louisiana ” and the Hunter 
rock bnoy, off Larne, on the Irish Coast Besides, the corapasses 
may be swinging so as to make bearings inaccurate. Possibly the 
vessel may be an iron one, and the deviation uncertain, or some 
obstacles may be in the way of the object of which you wish to 
get the bearing. Whatever difficulty may present itself in getting 
an accnrate "fix” by the usual methods, none at all exists with 
the Sextant and Station Pointer. 

Select three objects on shore which you know are laid down on How ^ 
the chart; for instance, Point Lynas Lighthouse, the East Mouse, podtum by 
and the Middle Mouse. Let an assistant measure with his sextant pointar. 
the horizontal angle between the first two, whilst you at the same 
moment measure the angle between the East and Middle Mouse, 
noting the time by watch for sake of reference. Having read off 
the sext&nts, take the Station Pointer, and holding the legs from 
you, open ont the left-hand one and set it to the left-hand angle, 
between Point Lynas and the East Mouse. In like manner set 
the right-hand leg to the right-hand angle, between the East and 
Middle Mouse. Lay the instrument down on the chart, so that 
the feather-edge of the centre leg may pass over the East Mouse, 
whilst the others pass respectively over Lynas and the West 
Mouse; tlius. 



The centre of the instrument will then represent the eocact 
Position of the ship, and it may be pricked on the Chart through 
the small hole for the purpose. 



Ä OLIMPSE AT EUCLID. 


As the vessel prngre&ses Westward, fresli stations can he 
selecteA For exarople, when abreast of the Middle Moose, um 
it and Lynas for tbe left-hand angle, and the Skenies and 
Middle Mouae for the right-hand angle. As the t# Co&l * and 
"Ether 1 roeks are approached, watch tili the Middle Mouse is in 
one with Lynas Ligkthousa When in transit, am angle between 
them and the beacon on the West Moose will fix tbe ahip's 
positkm with great accuracy, and so on tili the Skerriea are 
rounded. 

Any one who takes the trouble mental ly to follow this Opera¬ 
tion as described above, will scarcely fall to see that it cannot be 
surpassed for ease and dispatek* Indeed, if there ahould be two 
assistants as angle-taken*, whilst the 'chief' manipulates the Station 
Pointer in the chart-room, the veaaels position can be oc curaUty 
laid down on the chart in frotn one to two mmntes frotn the tim« 
the objects were pointed out between whieh the angtea were to be 
takem Any one doubtful haa only to try to be convineed, 

Tbe prtadpie To comprehend "the why and tlie wberefore 11 of this method, 
Führte******* whieh by so me iscalled "The three-point problem," and by others 
11 The problem of the two circles/' it is nceesaary to consult EucHd, 
but only in a very quiet way, The first thing to understand is, 
timt through any tkree pointe, not in a straight lim , a compUu 
circle can afways be drawn, and but one; (vide Euclid, IV, 5). 



Let A t D t and C represent the pointa through whieh the circle 
ia to be traced, Draw lines joining AB and BC. 

Take any extent in the dividers greater than half the line BC, 
and with one foot in C deecribe an are: with the s&me radiua, and 
oue foot in B , describe another are, cutting the former in D and 
E; through D and E draw a atraight line. In a aiimlar man ne r 
frorn A and B t deacribe two arcs, cutting each other at F and tt 
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Through F and G draw a straight line, wbicb produced will meet 
the one tbroagh D and E at the point H. Tben from H, at the 
distance of any one of the given points, as HB, describe a 
circle, and it will pass through the other points A and C as 
required. 

The Student would do well to solve a few cases, until satisfied 
in bis own mind that, no matter how the points may be placed 
with respect to each other, a circle can always be drawn that will 
pass through all three. 

2ndL Another geometrical peculiarity has to be considered and 
understoocL 


Fiy. 1. 


Anywhere on the circumference of a circle, select two points, as 
A and B , and connect them with a straight line; this line is 
termed the chord of the arc ADB. ADB is also one segment of 
the circle, and AFB is another. Euclid (IIL 21) teils us that 
from any point in the circumference on the same side as AFB , 
the points AB will suhlend the same angle. (Thus the angle 
AGB (Fig. 1) contains precisely the same number of degrees as 
the angle APB). This being the case, it is evident that the cir¬ 
cumference AFB is the measure of a constant angle, which is 
termed M tbe angle in the segment AFB” and an observer getting 
this angle must be soTnewhere on the circumference AFB, the size 
of which depends upon the angle observed. 

So far the work may not inaptly be compared to getting a 
Ä line of bearing;” but it is still necessary to fix the ship’s place 
on this line,—or, in other words, to cross this bearing with another, 
just in the same way as you would do with com pass bearings, or 
as you might cut the known parallel of latitude on the chart with 
the North and South line of longitude, in Order to definitely lay 
off the ship's position. Latitude alone would not do so, nor would 
longitude; but the intersection of the one with the other indi- 
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cates the precise positioa For this purpose, therefore, let us 
imagine another circle somewhat similar to the foregoing. 


Fig. 2. 



What has been said about the first, of courso, holde good with 
this one also—namely, that from any point in the circumferenee 
BKH, the points BH will mbtend the same angle , whatever that 
may happen to be, according to the size of the segment Now, if 
the angle subtended by AB in Figure 1 were observed simul- 
taneously with the angle subtended by BH in Figure 2, the two 
lines of bearing will intersect each other, and give the place of 
the sliip. 

To show this more clearly, let Figures 1 and 2 be joined 
together at the common point B. 



Let A represent Point Lynas, B the East Mouse, H the Middle 
Mouse, and S the ship. Let the angle observed between Lynas 
and the East Mouse be 40’, and the angle observed between the 
East and Middle Mouse 75'; draw the circles to suit tliese angles. 

This is done by t&king advantage of the fact that the angle at 
the centre of any segment is double the angle at the circum- 
ference.—( Euclid , III. 20.) We lay off, therefore, from both ends 
of the line whose subtended angle we have observed, the comple- 
ineut of that angle, or what it wants of 90°. The point where 
tliese lines meet is the centre of the circle, which is described 
with the dist&nce from this centre to either end of the line, &s 
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radiua If the angle obeerved is more tlian 90°, the circle is 
described by laying off the number of degrees over 90°, on the 
oppo8ite side of the line to that on which we know we are, and 
proceed as before. 

Now, the angle between Lynas and the East Mouse having 
been observed as 40°, it follows from what has been said that the 
ship lies aomewhere on the circumference of the one only segment 
(AFB) containing this angle which can possibly be drawn on the 
given base AB. The position of the ship, therefore, is known to 
this extent^ and half the difficulty is disposed of; but that is not 
suificienk Now, by similar reasoning it can be shewn that the 
ship lies also on the circumference of the one only segment BKII, 
which with the angle 75° can be drawn on the other given base 
BH. She mast therefore be at S, the only point which satisfiea 
the double condition , and the only one from which we could liave 
obtained these two angles at the same instank 

In actaal practice all this is done for us by the Station Pointer 
withont tbe trouble of drawing the circles, but the explanation of 
the principle upon which it is based cannot fail but be interesting 
to the studenk 

In Order, however, that dependence may be placed in the ship's 
position when ascertained by these means, it is necessary to be 
familiär with the conditions ander which the circles will make good 
cuU The nearer they intersect at right angles the better; just 
in the same way that we try to select objects for compass cross 
beaiing8 which have a difference of bearing of from seven to nine 
points. If the difference of bearing is small—say only 20°—the 
point of intersection is so acute as to be very ill-defined, and any 
slight error in the bearings themselves may cause a very large 
one in the resulting position. If the following half-dozen rules 
* are attended to, this need not be feared in * fixes ’ with the 
Station Pointer. 

1. The three objects may lie in the same straight lina 



Half-dozen 
roles re- 
qnlrlng 
attention. 


Fig 4- 
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2. The three objecto m&y lie in a curve, with the conveiity towards the 
observer,—that ia to say, the middle object ia to be the nearest 



a The three objects may be in a curve, concave to the obeerver, so long aa 
the latter ia either on or wiihin a line joining the left and right hand 
objects. 


Fiy G. 



4. The three objects may lie in a curve, concave to the obeerver, so long aa 
the latter is well outside the circle upon whoee circumference the three 
objecto are situated. ln this case the ‘fix* will be good, notwithatanding 



Fig.7. 
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6. If two of the Objects be much nearer to, as compared with the third, and 
seem, roughly speaking, about equidistant from, the observer, at whoee 
Position they snbtend an angle ranging between 60’ and 120°, whilst the 
angle between the third and middle point is comparatively small, the 
selection is a good one. 


C 



6. * Two of the objects may be in transit with the observer. If this should be 
the case, one angle between them and the third is sufficient. This is the 
best and simplest ‘fix 1 of all The single angle should not be le3s than 
30 °* 


A 



In this case the ship’s position is fixed on the circamferenoe of two of the 
the segment ASB, by producing the line BG antil it cuts it at S. ***** in 
If the observer were at any other part of the circumference, the 
points B and C would not be in transit; and if he kept them in 
transit* and advanced inside of the circumference, the angle ASB 
would at once increase. If, on the other hand, he receded from 
the circle, whilst keeping B and G in transit, the angle ASB would 
as quickly diminish. In this problem, the circle, as before, gives 
one line of bearing, so to speak, and the points in transit give the 

• This oan acarcely be includ^d in the “ problem of the two oirolee," bat it is 
fneerted here with the othen for sske of conrenienoe. 
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other; the intersection of these two lines of bearing of course 
fixes tbe observer's position. 

In each of the six cases just given, tbe position of tbe observer 
will be tixed witb greater accuvacy tban it possibly can be by 
com pass bea rings* On tho other band, it is necessary to guard 
against selecti ng objecte lying in such relational) ip to each otber, 
that a circle joining all tkree would also pass tkraugh or near 
the place of the observer . In such a case the position is indeter- 
minatc, as may easily be shewn by construetion. For example 

fl 


Fi*/. 20, A 


n 



Let D be the observer, and *1/3 and DC the poiuts atibtending 
tbe anglea ADB and BDC. From what bas beensaid in previoua 
pages, it is clear that the angle ADB will be found at any point 
in the aegment ADC ; and the same applies to the angle BDQ 
(Moreover, there is rio second circle to muke a cut witb the first). 
Conaequently, to fix the observers position witb the Station 
Pointer is impossible, though in thia ins ta nee Com pass cross- 
bea rings of A and C would be splendid. The chauces, however, 
are a thousand to one against the occurrence of such & case; 
but others may happen verging so cloaely upon it as practicaUy 
to uinount to the sinne thing. 

Where this sort of thing dots happen, and the circles nearly 
coiucide, it will be found that the ceutre of the Station Pointer 
may be tuoved about very considerably and the legs will still 
cover the tlnee objects. On the other band, tbe "fix” will be 
good in cases where a »light movement throwa one or more of 
the pointä away from its own partscular leg. 

However, a little experienee will soon enable any one by the eye 
ateno to juilge if the objects arc übconditioned, when, of course, 
one of the proposed poiuts must be rejected, and another aought 
for in a bettcr Situation. 

Anothur objectlouable ca^e L* when tho iniddle point is near t 
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and the other pointö both far off Constructing the figure will in 
this case shew that the two circles will so nearly touch eaAernally 
as io make the cut a very indefinite one. 


Fig. 11. 



Were the observer in figure 11 to be as far from A, as A is from 
B or C 9 the fix would be a better one, as will be found on trial. 

The zealous student, anxious to master the subject, cannot do 
better than create imaginary cases, and by constructing the figures, 
will speedily acquire the knowledge which will guide him un- 
erringly when the time comes to put it into practice. 

It must constantly be remembered, that in using the Station Station 
Pointer, it does not follow that it will of itself reveal the objection- 
able cases here alluded to, in which the position is uncertain. For oonditioned 
when a position is found on the chart by the legs of the instrument 0Me# ‘ 
pasaing correctly over the three points, it may not occur to the 
operator that, by moving it about from place to place, several 
others may be found where the same effect will be produced. 

Whether the position is laid down on the chart by the actual 
protraction of the angles and the circles, or, more readily, by the 
Station Pointer, at*y ambiguity which would be shewn by the one 
method, really exists also in the other, and in the case of the 
Station Pointer is all the more dangerous because it is not brought 
prominently into notice. 

The writer does not by any means congratulate himself upon 
selecting the case of a vessel passing round the Skerries as a good 
Illustration of the value of the Station Pointer. The north coast 
of Anglesea was chosen solely because that, while it sufficiently 
well served to shew how the instrument is used, it was probably 
also familiär ground to many of the readers of this book. 
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loS STATION POINTER VERSUS COM PASS. 

There are many p&rts of the world much beiter ndapted to dis- 
play the great value of the method wherein the Station Pointer 
saves so mucb time and labour—the eastern entrance to MageUan 
Straits may be quoted as a good example. Beforc passing the 
First Narrows, the tide has a velocity of 8 to 9 knots at springs» 
and a rise and fall of 44 feet Low and distant marks, the absence 
of buoys, & wide expanse of water, with intricate channels atuid 
vast banks of sand, necessitate most careful navigation and cool 
judgment Should the vessel be going with the tide, there is not 
rnnch time for consideration, and the most expeditiom, as well as 
occurate method, is the one which finda favour with the man upon 
whose shoulders resta the responaibility* Under theee eireiim- 
stances the Station Pointer coines well to the front 

Just notice the differenee between it and the Com pass. An 
angle is taken much more quick ly, and very rauch raore aecurately, 
than a bearing If the objects are distant, a triding error in the 
bearing will materially affect the resulting position ; whüe an 
error in the angle can scarcely atnount to the tenth part of a 
degrea Agnin, when the courses are being altered pretty rapidly, 
to suit the wiudings of a channel, the deiiaiion is cmUmualtg 
changing with eack frtsh direction of the ship f s hcad; and here, 
then, arises another element of uncerfcainty, to which raay be 
added the possibility of applyiug the deviation the wrong way— 
a thing which may happen to the most clear-hcaded in momenta 
of excitement and hurry. 

Further, at a most critical juncture, som© obstacle may inter- 
ven© between the Standard Compass and the object of which the 
bearing is required. Now, the Compass can not be rnoved to any 
part of the ship, but the Sextant can—auother very dedded 
ad ran tage, Moreover, as beibre stated» the Compass raay be 
swiügiug one or more points with the mol ton of the ship, and 
thls is mre to be the case Crossing bars when there is aoy 
■ run/’ 

A compass cross-bearing can not very well be taken by two men 
at the saine tiina It ia one man s work only» and whilat taking 
the Bccond bearing he has to recollect the Erst, and afterwards both 
of them, tili they are finally lakl-offon ihe chark In the meantim© 
the ahip is apeeding qil With the Station Pointer method» ihre® 
men (captain and two officers) can work together, and the angles 
are taken simultaneously. Let the otlicers take the angle«, whilst 
tho captain Stands- —Station Pointer in hand—with the ©hart 
apread out on the table before hiin. As the anglea are read off. 
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they are put upon ihe Station Pointer, popped down on the chart, 
ind in an instant the ship's position is found to a nicety. 

Where two objects can be got in transit, only one angle is 
necessary, and, consequently, only one assistant. These cases 
ahonld be spedally looked for and utilizecL 

To avoid bungling, get into the habit of always working on an Reuttv« post 
established System. There is nothing like method For example, 
one officer should be told off for left-hand angles, and another for 
right-hand angles, and no chopping or changing permitted. Let 
them also stand side by side in their proper relative positions, so 
that they need not observe across each other, and that the mind 
may be trained to a sense of Order. 

When giving in the figures for the Station Pointer, they should 
speak briefly, distinctly, and one at a time, thus:—“ Left-hand 
angle 64° 15', M and when the instrument is set to this—and not 
before—“ Right-hand angle 43° 22 '.” This saves confusion. 

It may, however, sometimes happen that the Navigator will BoUl “S 1 ®* 
have no assistants, and so be compelled to do the whole thing rtcemr. 00 " 
himself. In this case it is a first-rate dodge to have two flat pieces 
of brass fitted to slide along the arc of the Sextant and clamp to 
ft at any given pari Place one in front of, and the other in rear 
of the vemier, so that the latter can be made to butt against either, 
according to circumstances. We may give these two brass out- 
riders the name of ‘ stops/ 

To use them, proceed after this fashion:—We will suppose a 
case where one angle is markedly larger than the other, and 
getting larger all the time as the vessel sails on, and that you 
reeolve to take it first Dispense altogether, therefore, with the 
'stop 1 in rear of the vernier, by clamping it at the extreme zero specialütttnj 
end of the arc, where it will be out of the way. Then, unclamp-*° 
ing the leading * stop/ bring it into contact with the vernier, and 
with the two pressed together between the left thumb and fore- 
finger, and the sextant at the eye—slide them along the arc 
until the observed objects overlap just a trifle, then quickly 
elamp the ‘ stop/ keep the vernier iirmly pressed against it, and 
when exact coincidence is established between the marks selected 
by the angle getting larger, immediately release the vernier, take 
the smaller angle and clamp securely—you need not lose ten 
•econds in doing it, unless you are very buttery-fingered indeed. 

Now read off the last angle, and at once transfer it to the 
Station Pointer, then unclamp the vernier and slide it forwai d 
against the ‘stop/ which until now has been keeping guard over 
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tlie first angle until you were at Uberty to read it off Ey thia 
litfcle stratsgem it is possible for au adroit observer to lne&sur© 
two angles almost simul t aneously. 

Of course, if it were desirable to gct the smallor angle first, you 
would have to employ tbe rear stop belonging to tlie zero end of 
the arc, and consigu the other to the far end of the Instrument. 
Very Uttle practice ia required to handle the * stops' witli oxperfc- 
ness, and the Navigator will soon find out for himself that tbey 
are uncommonly handy not only for this, but for various other 
observationa* 

chaxt um® I n gotng through intricate channela, it is usual in «teamet* 
ou bruigB, to have a chart table on the bridge, well ahdtered uuder the 
weather-cloth This Impromptu chart-room is used at such times 
in preference to the regulär oue, which porhaps is inconvenieutly 
situated, and would necessitate constant running up and down 
the br idge lad der. 

The Bosphorus, Dardanellen Grecian Archipelago, Gulf of Suez, 
Red Sea, Gulf of Aden, and a thouaand other places, might be 
mentioned where the Station Pointer would be found extromely 
usefuL Tliose who have tried it, within the knowledge of tho 
writer, have iuvariably spoken io its praise, and wonderod how 
they were ever able to get alung without it 

It may be noted here that if the points used to fix by are not 
eoirectly plaeed on the chart, the Station Pointer will not iudicato 
auythiug wrong unless a third or * check angle" be taken and 
plottecL In case of non-agreement, it is certain that sometli iug ia 
adrift. Be careful, therefore, not to use tlie Station Pointer miless 
your chart is the outcome of a regulär trigonometiical survey hy 
coinpetont persona On an Adiniralty sheet tbis Information b 
always givea 

Whert the aemraey of the chart U douHful , it i* bäter io stick to 
the eomjxiss. 

Traciagwwr Traeing paper, on which a graduated circle bas boen printed, 
* mbiutuu U at tiines an excellent suUntitut© for tbe Station Pointer, and 
Poiifur 11031 i n some msm preferable to the instrument itsoli When, for 
examplo, the objects used for the angles are very near tbe ohserver, 
they wUl come within the brass circle of the Station Pointer, and 
be more or less hi'Iden by it Plain traeing paper may also be 

* Puffer, u| tbe föqitiy, Loodon, flti miUijU in thb iu&nnef. It b m pUnt d 
the Ul« Ctpt lUvU, RN t In eunaacUtui wilh It liier« b * raieromelef Un,'rnl* 
•er»w which b umm! für • tnUlljr nt purp«, bat Joubtle« Mr. FvtUr Wvuiil 

•npjilj eitlwr «r b xh *1 might b« 
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placed over a circle graduated on card-board, and the required pair 
of angles ruled in. These card-board circles can be procured from Graduated 
or through any optician. They are 10 inches in diameter, and^^J^^ 
divided to quarter degrees. This admits of angles being laid off 
by estimation to the eighth part of a degree, or even less. Windy 
days, however, do not snit tracing paper when used on tbe bridge. 

A Station Pointer with a circle six inches in diameter, and oonTwüent 
12-inch legs in the clear, is a handy size for navigating use on äon Mater, 
board ship. Lengthening bars 9 inches long ought to be supplied 
in the case. By attaching these to the extremity of the legs, an 
increased ränge is obtainable when necessary. It is sufficient that 
the vernier reads to single minutes. The divisions on the circle 
shonld be strongly marked on brass, for convenience of rapid 
setting in bad lighta When the arc is not too fiiiely cut, a man 
with fairly good eyes can set his instrument quite correctly 
without the aid of the small magnifying glass which is always to 
be fonnd in the case. This is an advantage not to be sneezed at, 
and is not to be had with a silver arc. Such an instrument, 
fitted with tangent screws, in mahogany case complete, costs £8, 
perhaps less. 

To acquire the knack of getting the Station Pointer legs to cover Usson in 
their respective points quickly, is not difficult. First place the manl * mlÄtion 
bevelled edge of the central leg on the middle object of the three, 
keeping it on this point as a sort of pivot; then move the body of 
the instrument to the right or left, and slide it to and fro on the 
paper tili the other two points are also in contact with the bevelled 
edges of their respective legs. The nick at the centre of the 
instrument will then represent the sought for position of the 
observer. 

In concluding this chapter, the writer hopes he has fully 
demonstrated the value of “the three-point problem, ,, and the 
instrument which renders its application so easy in practice. 

Let the reader not be frightened at the weak points which have 
been brought under his notice, since a little pains will enable him 
to steer clear of tbem, and to utilise to his own benefit an instru- 
ment which possesses so much real merit 

J. EL Laughton, Mathematical and Naval Instructor at Green¬ 
wich, is the distinguished author of an excellent little book on 
Nautical Surveying, which has been the cherished companion of 
the writer since first published in 1872. At page 145, when 
winding up his remarks on the use of the Sextant and Station 
Pointer, Mr. Laughton puts the thing so clearly and so forcibly 



ui LAÜGHTON ON THE STATION-POINTER . 

th&t it is impossible not to quote him. He says :— U 1 have wished, 
in tbese last few pages, to sbow how tbe poeition of a ship, when 
in with the land, may be laid down; how dangers may be avoided; 
how a course may be steered without the com pass. In tbe 
practice of navigation and pilotage, tbe attempt to do witbout 
tbe compass would be worse than absurd; it would be blameable 
in the extreme; but cases may occur, as I have endeavoured to 
point out, in which tbe sextant is a safer guide than the compass, 
or in which it is a most valuable auxiliary to it To examine into 
these cases is the Navigators duty; it is the Surveyor’s duty to 
provide him witb the necessary data, accurately laid down.* 1 




CHAPTER XL 

SOUNDING MACHINES AND LOGE 

In d&ys long past, the Ancient Mariner guided his ricketty crafl 
over the ocean principally by " the three Ls,”—“Log, Lead, and The Art u LX m 
Lookout.” When, later on, the astrolabe and cross-staff were 
invented, and certain astronomical data became available, another 
**L” (Latitude) was added to the number. In the present day, 
when the nautical schoolmaster is abroad, and Chronometers almost 
go beging, this regiment of “Ls” is augmented by a fifth aud very 
important comrade, namely, Longitude. Nevertheless, the Yeterans 
still hold their own, and are likely to do so as long as fog and 
douds continue to obscure celestial objects from tho anxious 
navigator. 

When a ship is stranded through thick weather, the members of Ugal tmport- 
the Court of Enquiry very properly lay great stress on the question • aoe ^taöhed 
as to whether proper so Undings were taken or not—the omission 
to do so being considered a grave default From time immemorial 
the Lead has been justly looked upon as one of the mainstays of 
Navigation, and to it, and its companion the Log, will be devoted 
the present cbapter. 

Every seaman is familiär with the ordinary “Deep-sea Lead and 
Line,” and although it did very well for our grandsires, who 
were in no particular hurry, it is obliged in these fast days to 
make room for a better form of article. 

When running up channel before a howling gale of wind, and it DUUraity of 
became necessary to ask information from the bottom as to the «nuuUxiff» 
ihip’s whereabouts, every seaman knows that the Operation in- 
volved much labour and loss of time, and sometiraes considerable 
periL The hands had to be called, sail shortened, and the ship 
rounded to the wind in the face of a dangerous sea. When her 
way was all but stopped, in obedience to the word "heave,” the 
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lead was let go from ferward, qutckly Mlowed by the ery of 
" watch there, watch , J * and an experienced man on the weather 
quarter allowed the line to tun through his hands tül bottom was 
obtained, By this time the vessel had drifled to leewnrd, and 
according to the qimntity of line tun out, and the angle it made 
with the surface when being hanled in, a certain number of 
fathoms was deducted by gu€$8 from the gross amomit, in Order to 
arrive at an estimation of the irue deptb of water, After this, 
the vessel had to be kept away, and sail set, befere f the wateh 
below * could be dismissed, Will any one wo oder that masters of 
flhips sounded as seldom as possibleT Scarcelyü especiaüy when 
it is imderstood that to be of any service the Operation must be 
a oingie cast re peated every few miles, A single cast of the lead is warst than 
ofnöTaiue. uselesa, inasmuch as it may eonfinn an error in the assumed 
position of the ship, 

This necessity for repeated soundiug was undoubtedly a bard* 
ship, bui it am no longer be considered so, as there are now patent 
machines with whieh soundings can be taken without stopping 
the ship or deviating from the course. There are many varietica 
of these, such as Masseys, Walkers, and others* The one whieh, 
in the writer s opinion, immeasurably exoels all others, is that in- 
vented live or six years ago by Professor Sir William Thomson, 
sir w thow* The a PP aratus > briefly deserihed, consists of a drum, about a fooft 
iOQ’s s oun<i* in diameter and four inches wide, upon whieh 300 fathoms of stoel 
logMacMn*, pianoforte wire are tightly wound. To the wire is attached 9 
feet of log-line, and to this is fastened an iron sinker» about twioa 
the length of the ordinary lead, but not so thick. On the logdine, 
between the wire and the sinker, a smali copper tube is seeurely 
seizecL The lower end of this tube is petfor&ted; the upper end 
being opened or shut at pleasure by means of a elose-fitting caji* 
When ready for sounding, the copper tube eontains a smaller liied 
glasa one, This lütter also is open at the bottom end, and hermet- 
ically sealed at the othen The interior surface is coated with a 
Chemical prepamtion of a light salmon colour (chromate of silver), 
The drum is fitted witli a hrakecord, whieh, on a rast being takeri, 
Controls its speed, and ultimately arrests it when the lead ton dies 
the bottom, A pair of small winch handles wind up the wire 
again, und the depth is ahown by the heigbt of the discoloration 
ou the inside of the glas» tube, 

Kod* er As ^ ie ^ descends, the water is forced up the tube in obedjenca 

aouosj. to certain well-known laws, diseovered quita indej»endently, tbough 

about the saino time, by Ifeyle in this country, and Mariotte tu 
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France, and afberwards perfected by Regnault The Chemical 
actum of the s&lt, where it comes into contact with the salmon 
colour, tarne it to a milky white (chloride of silver). This point of 
junction of the two colours, when the glass tube is applied to & 
graduated boxwood scale, teils the depth to which the lead de- 
acended The sinker is “anned” in the usu&l way. Nothing can be 
neater than this Arrangement Its advantages are as follows:— 

ML Let the speed of the ship be anything up to 16 knots an Advantages 
hoor 9 or even upwards, bottom can be obtained at a depth of 
100 fathoms without slowing or deviating from the course. lnnattoa. 
SndL Instead of requiring all hands M to pass the line along ,” 
two men and an officer are sufficient to work it under all 
circumst&nces. 

3rd A cast can be taken in 100 fathoms, and depth correctly 
ascertained in from 4 to 7 minutes, according to the speed 
of the ship. 

4 tk This great saving of labour and time admits of soundings 
being mach raore frequently taken than formerly, resulting 
in greater safety to life and property. 

Ml A regulär “chavn” of soundings, with correct “time intervals,'’ 
is now not only possible, but easy; and this latter is the sole 
method which can be depended upon to give the place of the 
ddp with any degree of certainty, since a single cast is not 
only useless in the majority of cases, but is apt to prove 
mischievous in the extreme. 

When not wanted, the drum is kept in a tank of lime water, to 
preserve the wire from rusting. A small pamphlet of directions 
accompanies the machine; but after seeing it once or twice in 
Operation, the mode of working is so self-evident, as to render the 
instractions unnecessary. The writer has had it in use for close 
upon five years, and during that time has had many opportunities 
of testing it with most convincing resulta By its aid he on one 
occasion, during a thick fog, brought a new steamer of 430 feet 
in length from Belfast to Liverpool, when many of the coasting 
boats would not venture, and of those that did a large percentage 
got ashore.* 

* Sir W. Thomson hss more recently brought out a new form of souuding mach ine 
bot ths writer does not like it nearly so weil a> the one described in the text. One 
of the principal drawbaeks to it is that, should the wire break, you are “up a tree,’* 
aaless there is a eecond on board, which is scarcely likely, as the apparatus is costly. 

With the original inyention there is sufficient spare gear supplied (inexpensive in its 
natare) to allow of three or four breakages, which, however, can scarcely all happen 
ia ane Toysge, except throngh gross careleesness. It does not appear either that the 
aew form is quite so osrtain in its action as the other. 
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Suundings are frequently very unjastly abused, and spoken 
about as worth 1 ess, /rojn of knowledg* of how to apply thetn 

(in a methodical mariner), so aa to tum their indications to prof>er 
acoount It caunot be too foreibly impressed that half a dozen 
casts taken here and there at random, will Beidom fix the stups 
position, and indeed tmder certain circmnstances raighfc very 
eeriously mislead. Sir William Thomson, in bis "Lecture on 
Navigation," inentions the only plan whereby the lead can be 
expeeted to determine the ship’s position with any degree of 
certa i nty, H e says,— 

u Take a long slip of cord, or of stiff paper, and mark along one 
edge of it points at successive distances from one another, ©quäl, 
according to the scale of your chart, to the actual dbtance csti- 
mated as having been run by the ship in the intervals bctween 
successive so Undings, If the ship has run a straigbt course, the 
edge of the card must be straight, but if there has been any 
change of direction in the course, the card must be tut with a 
comsponding deviation from the original directiom Beslde each 
of the points thus marked on the edge, write on the card the 
depth and charactcr of bottom found by the lead. Then place 
the card on the chart, and slip it about tili you find an agreement 
between the soundings marked on the chart and the seriee marked 
on your card" 

The wriier has practised this plan for rnnny years, with just a 
slight diflerence, to whicb, on consideration, the reader will pro- 
bably give the preference, 

Instrad of eardboard, use tracing paper, upon which you have 
rulcd the courses and distanccs, with eorresponding depths, 

The advantages consist, for one thing, in the transparency of 
the tracing paper admitting of the ©hart soundings being visible 
in every direction underneatb it, whieb greatly facihtates the ta&k 
of making the actual soundings ** tat ly ** with those on the chart; 
and nguin, the ruling in of the courses, &a, on the tracing paper 
is quicker done, and, in nny case, is a more familiär Operation to 
the seaman tlian the use of the aehsofS. A tncridian line should 
also bo ruled on the tracing paper, so that, wben moving the 
lattcr about on the chart, it may not get out of fl slue" 

The great superiority of this method, when the navigator has to 
fall back upon soundings to ascertain bis ship's position, cannot be 
too mach dwelt upon, With the mach ine just described there is 
no difficulty in putting it in prnctioe. It ia true that the first coat 
of the apparatus is consulerahla, but with the steamahip owner— 
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perhaps more than most men—“ Time is money and half a day’s 
"groping” in a large vessel will bum more coal than would pay 
for it twice over. This is putting all sorts of contingencies due to 
detention on one sida Every one in the business knows that the 
Iosb of a certain tide may entail (directly as well as indirectly) an 
extra expense of three or four hundred pounds on large steamers 
running on schedule time. The cost of a sounding machine is 
very insignificant in comparison with this. 

The other kinds of sounding machines vary in certain minor prtneipto of 
details, but they nearly all depend upon the principle of the 
rotating fly. A small cylinder, protected by brass guards, is caused 
to rotate in its descent through the water by vanes or blades set 
obliquely to its axis; this communicates motion, by an endlesa 
screw or worm, to a train of toothed gearing. On the machine 
reaching the bottom, an arm falls and locks the rotator, so that it 
cannot revolve the back way as it is pulled to the surface. An 
index points to figures on a graduated dial, which indicate the 
depth of water reached. 

These instruments are very good, but they nearly all possess 
what may be termed an index-error—that is to say, they either 
show too mnch or too little. When quite new they are generally 
correct, but, through wear of the working parts— or more likely 
from knocks under the counter in hauling in —they seldom long 
Temain sa However, their error is easily determined, and an 
account of it, with date when determined, should be kept in a 
small pass-book in the box containing the machina 

To ascertain the index-error: any time when the vessel is at to ascert&in 
anchor in tolerably deep water the depth indicated may be com- 11 ** hArboul 
pared with the actual depth found by a carefully marked lead-line; 
should the depth be under 20 fathoms, it is a good plan to take 
several measurements by the machine without resetting it, and 
divide the last reading by the number of casts; or, what is 
pretty much the same thing, multiply the actual depth of water 
by the number of casts, and compare the result with the last 
reading. 

For instance, in 20 fathoms of water, let five casts be taken 
without resetting the instrument. Now, it is clear that if it 
indicated truly, the last reading should be 100 fathoms; but 
supposing it to be 95 fathoms instead, then the index-error is 
about five per cenk, to be added to any soundings which may be 
taken until the index-error is again ascertained . 

A still better plan may be resorted to at sea if any temporary 
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darangement of the engmea of a steamer necessitates a short 
stoppage, or in a calm if a sailing ship. 

Set the souuding maehine to zero, and attach it to the deep- 
sea lead and line in the usual way. Make the other find of the 
fine fast to the tafirnil, with just enough drift to allow the lüO 
fatfaom mark to touch the water when the cast is taken; inake 
the üne up into four or five coils of 20 or 25 fathoms each* and 
let as many men as there are coils hold them over the steril ; tipon 
a given signal* let go the le&d simultaneously with the first coil* 
and immediately affcor, each of the others, taking care to drop 
them on their flats* proper slde up. lf the vessel*« way is entirely 
stopped, the machine will of course descend vertically to a depth 
of 100 fathoms, and should register that water; if not, the ditfer- 
ence will be the percentagc of error, If there he time* repeat the 
Operation once or twice, and take the me&n result as the Index- 
error, 

m 

Either before, or immediately after, Uri the meamrement of xjour 
lead-line, 

The foregoing is a corrcct description of the mode adopted in 
steamships to sound with these instrumenta Should the water 
be deep, the vessel is slowed down. In sailing shtps the maehine 
is u&u&lly cast over froin forward* and the men with the coils are 
stationed at intervals along the ship's side in the ordinary way ; 
but they should be instructed qI onct to let go their coiK and not 
try for bottom, as they would do with the common deep-sea lead 
In steamors* the men are stationed across the tatfraü, and the 
coils are dropped over the Stern to preveut the bight of the fine 
getting foul of the propeller. 

The deep-sea fine should be kept on a suitable reel, and 
protected frora wet by n painted canvass cover. Wheu there 
is no reel, it is handy to coil the line in a small tub, with 
a hole in the bottom through which to pass the inboard end, 
so that it may be made fast to a bcl&ying pin, or hitched to 
a backstay * 

The comtnon deep-sea lead and fine ought to be kept on deck 
ready for use at a miimte s notice. Should the vesael &t any timt 
appear to be passiug through shoal water not inarked on the 
churt, stop her at once, and arm the lead before souuding. l>o 
not make ecrtain that you have reached the bottom unltu an 
unmiftaktahle q&eimm of it comc$ up. 


* Ü«ture m&rking, low the lii» utero (or tooiv huUf* wilb i hm*vy \mä («1 to It 
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-VIOIA&" 

In the event of falling in with a new danger, such as a rock 
awash, it is the imperative dvty of the discoverer to satisfy himself 
and others on board that it is really wbat they have taken it to 
bei It shonld be examined by boat as closely as possible, and Katar« of 
soundings taken round it with the hand lead, while the ship, at a ^ | 

safe distance, sounds with the deep-sea lead If possible to land ratfaa. 
on it» do so; and chip off a piece of the rock, to make assurance 
doubly sura 

In searching for a “vigia,” it is difficult to say when its existence 
is to be considered as disproved Although experience shows that 
nine out of ten of the bugbears and blots formerly to be found on 
Oceanic Charts had been mistakenly placed there from reports of 
floating whales, wrecks, and patches of vegetable growth taken for 
disooloured water over a bank, &c.; still the apparently astounding 
manner in which rocky heads do rise from very deep water, must 
always make us careful of hastily assuming that no danger exists 
near a given locality simply because it is known that the depths 
in the neighbourhood are very great St Pauls rocks, near the 
Equator, may be quoted as a good example of this kind of thing. 

Were they a few feet below water, instead of above water, it 
would be no easy job to find them. 

THE “BliTJE PIOEON.” 

The Hand Lead, or " Blue Pigeon,” is not by any means as Hand i«ad— 
familiär to the seaman as it ought to be. It is a disgrace to the aeoeuity fox 
merchant Service that so many men calling themselves Able sea- practtoe * 
men know not how to use it. If officers would but practice their 
men and boys at this occasionally, instead of putting them to 
knot rope-yams for spunyarn, or pass away the watch lazily 
making sennit, fewer ships would get ashore through unreliable 
leadsmen. Spunyarn can be purchased at a ship’s chandlers, but 
good leadsmen cannot 

For use in shallow rivers, such as the Plate, where the vessel ghoai-wator 
is navigated almost entirely by the hand lead, it is convenient lead. 
to have a small nicely shaped lead, about five pounds in weight 
attached to 12 fathoms of cod-line. The line is marked in the 
usual way, except that at 4 fathoms there is a manilla or coir 
rope-yam. 

It is unfortunately too common for pilots, when they come 
aboard off a harbour’s mouth, to order the man cut of the chains, 
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saying tbey do not want the lead, The writer never permits 
this, and squares the matter with the pilot by telling bim that 
he rcquircs the lead ho% r e for bis own satisfaction, and togive the 
man a chance to practise. 

* Uniit cin.u- In navigating an unlit and umnarked channel, wbere the Water 
alvJgrttT *° s ^ 011 ^ 5 Pretty gradually oo each side, the safest plan is not to 
attempt to steer a mid-channel course, but to srigsag it, kecping a 
lead goiflg in both chaios, By this plan you can teil whick suis 
you are an, and how to put the heim to avoid the dangen 

Also, when obliged to thread intricate chatmels between coral 
reefs, walk, if possible, tili the min is astern or behind you, and 
direct tbe coursc of the ship frorn the fore-topgallant yard 

THE COMMOKT LOG, 

cammon log Logs, wbethcr patent or common, are eutircly unaatisfactory 
not reiutJie. i n their indications of speed, Tbe common log doea not do so 
badly up to 10, or perhaps 11 knots, but after that it is not to be 
depended npon* No two men bt^aviug the log will tti&ke the same 
report, if the ship’s speed exceeds 12 knota The short log glass 
raus 14 seconds, or one second per knot for a ship going 14 knota. 
Now a second is a very short space of time, and it is not diffieulfe 
to see that, in oonsequence, a veaael may very easily l»c overloggcd 
or underlogged to at least the amount due to this interval This 
may be owing solely to the dulness of percoption of the man who 
holds the glass, and does oot take into account the possible error 
of the glass itself, the log-liue, the heave of the sea, or the want of 
skiM on the part of ihe man heaving the log, It is true a!l these 
things may act in opposite directious, and neutral ize each Other, 
and they may not 

Again, the common log fails in not affording a eontinuous record 
of the speed, so that a vessel may go anytbing during the interval, 
usually two hours, whieh elapscs between two successive tri&U. 
This is not much feit in a flteamer, where the rate of speed is not 
likely to alter grcatly in such a short time; or if it does t it can bo 
attowed for* But in a sailing ship it is a serious drawback, and 
in this respect the patent log bas the dccided ad van tage. 


FATEHT LOGa 


Tb* pstant 
loj-iU 4«* 
f«Ot« (Jjd 

xh$il M9W 


Patent logs depend upon the principle already explaancd in 
Connection with the sounding machine, but their results, frorn a 
variety of causes, are leas reliable in affording a correct knowledgo 
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of the distance run, than those of the sound ing machine in giving 
the true deptb, In the first place, they are more constantly at work, 
and so wear out sooner; they are liable to be fouled by seaweed, 
waste, or ropeyarns, &c., thrown overboard from the ship; their 
indications in a head sea are usually different to those in a 
following sea, and depend also upon the length of tow-line; they 
are frequently damaged by blows against the counter in hauling 
in, and to this they are more often exposed than the patent 
sounding-maehine: lastly, there is no satisfactory way of fiuding 
their iudex-error. 

In channel, where there are points of knd the distanee between 0fr 80tm dtngs 

which is known, there is usually a tide which renders abortive any form or log 

* * will iiidlcat-o 

attempt to adopt such a mode * and in mid-ocean, there are surface current 

or drift currents depending upon the windfl, so that it is next to 

impossible to arrive at any definite condusion. In fact, there is 

no known Instrument at the present time which correctly gives a 

vesael’s speed over the böttom in deep water, Even supposing a 

patent log to indicate correctly the speed tkrough the water ; what 

about current or tide ? There is no deep-sea log which indicates 

current; but in shallow rivers like tbe Plate, what is known as 

the "Ground log,” gives fairly npproximate results as to its 

amouot, provided the speed is not too high, and care is exercised 

in heaving it. 

“OROÜI TD LOO." 

This is siinply the common log-Iine with a hand-Iead sul> araundio^ 
stituted for the log-ship. When the log is hove, the lead lies lu deicrlI, ‘ 
on the bottom without dragging, and so gives the speed over the 
ground; and in hauling it in r the trend of the line at starting 
is supposed to shew the direclion of the current; but this latter 
is not correct except in a very broad sense indeed, and the writer 
strongly counsels the navigator not to place the slightest depend- 
ence upon it, It is evident that, to get the correct direeÜon of the 
current, the ship must malto a mathematieally straight wake 
during the Operation, and her speed must be slow. In a small 
vessel, with a lumpy sea, the indicated direction would not be 
wortb mach» though tbe speed might be pretty ncar the mark* 

In using the Ground log, some people go to the trouble of fixing 
a crutcb on the taffrail in which to put the Kne, and tmdemeath 
it, & painted aemicircle of points of the com pass, to show the 
direction; but this, as already stated, is labour entirely thrown 
away. 
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Taffrail log, T. Walker and Son have introduced a patent Taffrail log» 
which c&n be consulted and reset as often as necessary, without 
the troubl© incidental to those in which the whole apparaiiis ia 
towed astern. It has a novel feature of conaiderable value: hy 
the intervai between two consecutive strokes of & small bell, 
coupled with a short and very simple sum in proportion, the rate 
of speed at any dcsired moment is found in a few seeonda. It is 
practically free also from the danger of being damaged in the 
Operation of hauHng in, as this latter need only be done once at 
the end of tho passaga 

In the Taffrail log, the registering portion is secured to the 
rail, and motion is communicated to it by the rotator throogh the 
medium of a long tow-Iiue. There is no doubt this is very con- 
venient, but it appeara to the writer that unless great care is 
cxercised in repeatedly oiling it, the Works would be liable to 
heat at a high rate of speed. As the ‘harpoon 1 and otker similar 
logs are towed bodily in the wuter, and so get plenty of " fisher- 
mans grease/* they are not exposed to this danger. As a matter 
of fact, there are no patent logs yet invented which will stand 
the weat and tear for any length of time. In slow vessels they 
will of course last longer than in fast ones. Unless used only on 
special occasions, such racers as the ** Alaska" or “ Stirling Castle'* 
very tjuickly put thern out of Order.* 

From this the reader must not conclud© that they are to Ix 
abandoned as altogether uaelesa The writer mercly wiahea to 
urge upon the navigator the imprudence of trusting too implicitly 
to their indicatious at critical times. Patent logs are rnore useful 
in slow steamers than fast ones, and still more useful io sailing 
ships than steamers. To avoid unnecessary wear and tear, they 
bhould only be used when " in with the land.” It is found to be 
a good plan to wrap the line—about a fathom in advanoe of tho 
log—with shcet lead, to keep the latter from jumping out of the 
water. 

Imunoa Of The writer once knew of a patent log being total ly spoüt by 

»pom byund**nd gettiug into it The steamer was bound to an American 


port io bailast, and, as is usual, got rid of a quantity of it 


over* 


* The writer hm Ute ly bwn uun£ on« of Wilkw'i Ttffnil lop ta e 13-fcawt 
lUnmar with very etüifactery retuU«: for nearty * jear the -error kept betwm 

+ %% and 4% f bat the log wm only towed für SCO adlet or »o et euh u>d of U*» 
pungv t and in abedience to i itunding order It *u olM every eight-bella by m 
ildarbr aiiU/, who tn*d* dm teport of bering done eo to the oflßöer of th« vaUk 
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bo&rd during the last two days before arrivaL The log was 
allowed to tow, as no one imagined the sand could reach it, but 
when it was hauled in at the end of the watch, it was found to 
be perfectly choked with it; and as the oil-holes, &c., were closed, 
the puzzle consisted in how the sand reached the interior. The 
log was duly cleaned, and on the homeward passage tested, but it 
showed about 30 per Cent too much distance, and was in con- 
sequence put away as worthless. 

To ensnre the best results, a ‘harpoon' log should be towed 
firom the outer end of a small spar—a boat’s mast, for instance— 
rigged out on the quarter. This keeps it clear of the dead-water 
in the ship’s wake, and by a simple arrangement of out-haul and 
in-haul, the log need never strike the ship's side on being taken 
in for examination. 

Before stowing away a patent log for a length of time, it should 
be immersed for half an hour in a bücket of fresh water, to get rid 
of the salt, which would otherwise dry and encrust the works, 
to their manifest detriment 

In certain paddle steamers, probably the best measure of speed Spsed eaion- 
is obtained by the revolutions of the wheels. Most of the cross- 
channe l boats depend upon this method of making their runs in rtvoiutton*. 
thick weather, and the captains of the coast boats of the Pacific 
Steam Navigation Ca make an invariable practice of tabulating 
the revolutions between their various ports of call. In vessels 
such as the Holyhead mail boats, where the passage is short, the 
vessels of great power, and their Immersion olways the same, the 
method is susceptible of considerable accuracy. Again, men who 
are going constantly back war ds and forwards on a short run, 
acquire by long experience the knowledge necessary to enable 
them to make allowance for wind and sea, according as it may be 
in their favour, or against them. The slip of a screw-propeller is 
so variable under apparently the same circumstances, that in 
boats so driven the method is of inferior value. Experience shows 
that the revolutions of a paddle steamer are to be depended upon 
fully as much as the best patent log yet invented, with the advan- 
tage, that the revolutions do not wear out , and the patent log does. 

zslectbicaij iioaa 

Quito recently some experiments have been conducted with an 
electrical log, which seem to promise well for it The rotator 
actuating the electrical portion is placed in a cylinder below the 
bottom of the vessel, where it has the advantage of working in a 
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body of water of uniform pressure or density, and in this way it 
is claimed there are none of the inaccuracies of ordinary towing 
logs, which are affected by so rnany causes* 

The distance rtin may be shewn by electric agency on one or 
more dials placed in cabins or chart-rcora, th© stroke of a bell 
indicating the aceomplishmenfc of each tenth of a knok Thougti 
not stated, it is presuined that the arrangement permits of th© 
withdrawal of the Instrument in very sliallow water, so as to 
leave uo projection below tlie ship’s bottom. 

DEAD REGKONINO* 

Writing about logs and leads miturally le&ds to the subject of 
Dead Reckoning Sir William Thomson in bis " Lceture on Navi¬ 
gation/' has put the matter so cleurly and forcibly, timt on© caimot 
do better than quote bis words, He says,— 

t( When no landmatks enn be seen, and whon the water is too 
deep for soundings, if the sky is eloudy, so that neither sun nor 
stara can be seen, the navigator, however dear tho horizon may 
be, has no other way of knowing where he is than the dead 
reckoning, and 110 other guide for steering than the compass. 

"Wo often hear stories of mar veil ous exaetness with which th© 
dead reckoning haa beeil verified by the result A man has 
steamed or suiled acrosa the Atlantic without having got a 
glimpse of sun or stars th© whde way, and has mado land within 
üve miles of the place aimed at This may be done once, and 
may be done again, but must not be trusted to on any one occadon 
as probably to be done again this time* 

u Und ne trust in the dead reckoning has produced more disas- 
trous shipwrccks of seaworthy ships, I believe, than all other 
causes put together. 

* AH over the surfoce of the sea there are currents of unknown 
ßtrength and direction* Kegarding these currents, rauch mast 
valuabl© Information has been eollected by our Board of Trade 
and Admiralty, and published by the Admiralty in its "Atlas of 
Wind and Current Charta 1 * These cb&rta «how, in scorcely any 
part of the ocoao, lees than ten iniies of aurfaoe current per 
twenty-four hours, and they show as much as forty or flffcy milos 
in inany pbicea Uulosa these currents are taken into accouut, 
than, th© place of a ©hip, by dead reckoning, may be wrang by 
from ten to fifty miles per twenty-four hours; and th© mast 
accurate Information which we yel have regarding them is, at th© 
best, only approxiumte* There are, in ütt% certam currents, q[ 
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ten miles and upwarda per day, due fco wind (ifc may be wind in a 
disfcanfc parfc of the ocean) wbich fche navigafcor cannofc possibly 
know at the time he is affecfced by fchera. 

"I believe it would be unsafe fco say fchafc, even if fche sfceerage 
and the speed through fche wafcer were reckoned wifcb absolute 
aocuracy in the “account,” fche ship’s place could in general be 
reasonably trusfced fco wifchin fiffceen or fcwenfcy miles per fcwenfcy- 
fonr honrs of dead reckoning. And, besides, neifcher fche speed 
through the wafcer, nor fche sfceerage, can be safely reckoned, wifch- 
out allowing a considerable margin for error. 

"In fche recenfc court-martial regarding fche loss of fche Vangnard, 
fche speed of fche Iron Duke was esfcimated by one of fche wifcnesses 
at ten and a half knofcs, according fco his mode of reckoning from 
revolutions of the screw and fche slip of fche screw through fche 
wafcer; while ofcher wifcnesses, for reasons which fchey stafced, esfci- 
mafced it at only 8*2 knofcs. Ifc was stafced in evidence, however, 
fchat the only experiments available for esfcimafcing fche ship’s speed 
in smooth water from fche number of revolutions of fche screw, had 
been made before she leffc Plymouth. If the pressure log, or even 
the old log-ship and glasses, had been used, fchere could have been 
no such great ränge of doubfc. Bufc even wifch the pressure log 
(until experimenfced upon, as ifc probably will not be excepfc by 
fche Navy, because not needed for thorough pracfcical work excepfc 
by the Navy) we could scarcely teil with cerfcainfcy within a 
qnarter of a knot whafc fche acfcual speed of fche ship through fche 
water is at any instant. And, again, fche Massey log may be held 
fco have done its work fairly well if ifc gives fche whole distance 
ran by the ship in any infcerval wifchin five per cenfc. of fche fcrufch. 

“ Consider further fche steeraga In a wooden ship a good 
ordinary compass, wifch proper precaufcions fco keep iron from its 
neighbourhood, may be safely fcrusted to within a half quarfcer 
point; but, reckoning fche errors of even very careful steering by 
compass, we cannofc fcrusfc to making a course which will be 
certairily wifchin a quarfcer of a point of fchat desired. Now you 
know an error of a quarfcer of a point in your course would pufc 
von wrong by one mile fco right or leffc of your desired course for 
every twenfcy miles of distance run. Thus, in fche mosfc favourable 
drc umstan ces, you are liable, through mere error of steerage by 
compass, to be ten miles out of your course in a run of fcwo 
hundred. 

"In an iron ship, if the compass has been thoroughly well 
attended fco as long as fche weafcher permifcfced sighfcs of sun or 
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atars, a very eareful navigator may be sure of his cours© by it, 
within a quarter of a point, when cloudy weather comes on; but 
by the tim© he has run three or four hundred miles, he can no 
longer reckon on the same degree of accuracy in his Interpretation 
of its indications, and tnay be uncertain as to his course to an 
extent of half a point or more mitil he again gets an azinmth of 
sun or st an 

"No doubt an exceedingly skilful navigator may euürely, or 
almost entirely, overcome this last source of uncertainty when 
he nirvs over the same course month after month, and year 
after year, in the same ship; but it is not overcome by any skill 
hitherto applied to the com pass at sea when a first voyage to a 
fresh destination, whether in a new ship or in an old one, is 
attempted. 

" All things considered, a thoroughly skilled and eareful navi- 
gator may reckon that, in the most favourable circumstances, he 
has a fair chance of being within five miles of his estimated 
place after a two hundred miles’ run on dmd reckoning; bnt with 
all his skill and with all his care, he may be twenty miles off it; 
and he will no more think of im per Illing his ship and the livea 
committed to his Charge on such an estinmte, than a skilled rifle- 
shot would think of ataking a human life on his hitting a bullV 
eye at five hundred yarda 

H Whatv then, do practica! navigators do in approaching land 
after a few days 1 run on dead reckoning ? Too maoy, through 
bad logic and imperfect scientific Intelligence, rather than through 
conscious negligence, run on, trusting to their dead reckoning. 
In the course of eight or ten or fifteeu years of navigation on 
this principle, a captain of a mail steamcr hm made land just at 
the dcsircd place a dozen tirnes, after runs of strictly dead 
reckoning of from three or four hours to two or thrcc daya 
Perhaps of all these times there has only once been a strictly 
dead reckoning of over thirty hours with satisfactory rcsult 
Still, the man remembers a time or two when he has hit the mark 
marvdlously well by absolut©ly dead reckoning; he actually 
forgets his own prudence on many of the occasiuns when he has 
corrccted his dead reckoning by the lead, and imagines timt he 
has been served by the dead reckoning with a degree of accuracy, 
with which it is impossible, in the nature of things, it can serve 
any man. Mcazitime, he has earned the character of being a most 
skilful navigator, and has been unremitting in every part of HU 
duty, occording to the very best of his intelligence and knowledga. 
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He has, moreover, found favour with his owners, through making 
excellent passages in all weathers, rough or smooth, bright or 
cloudy, clear or foggy. At last the fatal time comes, he has 
trusted to bis dead reckoning once too often, he has made a 
‘centre/ not a f bulTs-eye,' and his ship is on the rocks.” 

Every seaman of experience will admit the perfect justice of 
these remarks, even were they not corroborated by the revelations 
of the wreck register. 

A very valnable paper on the subject of dead reckoning has OaptaJn John 
been written by the late Captain John Miller, and will be found 
in the Merkantile Marine Service Association Reporter, Yol. III, 
page 415. It is also given in the May number of the Nautical 
Magazine for 1878. The reader would do well to refer to ii 

Do not forget to look to yonr log -glass as well as your log-Zine, 
especially when nearing land. Test it by the Chronometer. 

For eonvenience of testing the length of the log and lead lines, Permanant 
the required distances should be permanently marked (with copper SmbimSS 
tacks) on the quarter-deck; 23' 4*—the length of a knot corres- 
ponding to a glass running 14s.—being laid off on the port side, 
and single fathoms np to five, on the starboard side. It is always 
best to have the leadlines fitted with calico for white marks, 

Unding for red marks, and serge for blue marks, because in the 
dark a man can teil the difference by the feel Test the raeasure- 
ments of the lines immediately after use, when they are wet and 
weU stretchecL 

The following is from the able pen of Mr. Thomas Gray, to 
whom sailors of all nations owe a lasting debt for his populär 
exposition of the Rule of the Road at sea:— 


LLLL 

THJE VABnrwk’ a CREED. 

TO BE SAID DAILY. AND ACTED ON ALWAYE 

“I understand L. L* L» L- to be the symbol or sign for four 
thiogs which I must never neglect; and these things are, Lead, 
Log, Latitude, and Look-out 

Therefore, I say, use the Lead and the Log; and mind the 
Latitude and the Look-out. 

I believe in the Lead, as it wams me against dangers which the 
tje cannot see. 
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I believe in tbe Log, as it checks my distanoe run. 

I believe in ascertaining the Latitude, as it helpa to define my 
Position. 

I believe in the Look-out, as it warns me against dangen to be 
seen. 

The lead warns me against dangers in visible, the Log warns 
me against false distances, the Latitude helps to define my 
Position, and the Look-out warns me against dangers visibla 

And I earnestly resolve, and openly declare, that as I hope to 
sail my ship in safety on the ocean, as I wish to spare the lives ol 
my fellow-creatures at sea, and as I wish to go in safety all my 
days, so will I steadfastly practise that which I believa 

And I hereby warn seamen, and teil them that if they negiert 
any one of these four things, either the Lead, the Log, the 
Latitude, or the Look-out, they or their fellows will some day 
surely perish.” 




CHAPTER XU 

THE MARINE BINOCULAR AND TELESCOPR 

These difler, or should do so, from the instrumenta in use on 
shore. Sach fancy articles as those fitted with revolving eye- Fancy 
pieces, which, according to the particular one employed, constitute 

mmiiub la 

them either Marine, Field, or Opera glasses, are qnite unsuitable 
for ose on board ship. 

Binoculars, when first introduced for sea use, were intended 
exclusively as rtight-glasses, but from their extreme portability and 
large field of view, were soon found to be so convenient for general 
Service that, before long, opticians manufactured them of patterns 
to meet nearly all requirements. 

In a work of this practical character, it would be undesirable, 
even if -space permitted, to enter on such complex optical diffi- 
culties as * spherical aberration * or ‘ confusion,’ and * chromatic 
dispersion/ but acquaintance with the following simple principles 
is essential for the wise selection of good and suitable binoculars; 
and the purchaser, moreover, should fully understand that those 
adapted for one purpose, are not necessarily so for another. 

In all glasses high magnifying power and the acquisition of light Prlnelple of 
are invariably opposed to each other, and it is always necessary 
that one of these qualities should be more or less subordinated to 
the other, according to the particular purpose for which the 
instrument is intended. Consequently, in the Night-glass, where 
the main desideratum is to collect as much light as possible, to 
enable that which is looked at to be seen with distinctness, it is 
evident that we cannot expect much magnifying power. 

The amount of light is dependent upon the size and shape of 
the object lens, and if for the same instrument the magnifying 
power be increased by a change in the ocular, whilst the object 
lens remains as before, the light is spread over a larger image, 

I 
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which is neeessarily fainter in proportion to its increased size. 
It is for this reason that the eyes are unduly stramed in the 
endeavour to make out the det&ils of an object &s seen through 
soine ill-constructed teleseopes of high power and small aperture, 

Untier such conditions, coloured flngs fluttering in the wind are 
©special ly difficuifc to decipher, the colours appearing much lesa 
vivid than they should do. 

The object glasses of the binocular »hould therefore he as large 
as possible, consistent witli a requirement hereinaftcr to be named; 
and of short focal leugth, by which combination you not only 
gain good iUuminating power , bxxt also the important ad van tage 
of a wide field of view. 

On a dark night, when sweeping the horizon in quest of ships, 
land, or buoys, it is obvious that the greater the area embraced» 
the greater the likelihood of picking up the object sought for* 
From these considerations it will be evident that the proper way 
to eelect a binocular for night tise is, not to stand at a ahop door 
in broad daylight, trying how nrnch it en large# soine distant 
clock-face, but to wait until nightfall, and test it by looking up a 
dark Street or passage; and if figures, before only dimly visible 
to the naked eye, are rendered tolerably dear by the aid of the 
glasses, you may rest assured you have hi t on a suitable instru- 
ment 

The prindpte dm, therefore, of the night-glasses (as nlrmdg 
stated) being to intensify and get as muck light and field as 
posmhle, you must be prepared to saerifice magnifying power, 
which should neuer exceed four diamstera. 

A simple method of determining this latter quality is to look at 
any suitable object with one eye unaided, whilst with the other we 
usc one tube of the binocular. Tbe object will then be seen in its 
natural size, and at the saute time as magnificd by the Instrument 
By a little manipulation the two Images can be brought side by 
side, or made to overlap, when it will be easy to see how many 
tim es the magnificd inmge is I arger than the natural ona 

Another point essential to be remembered—and this it is which 
unfcToid&bly limsts the sizo of the object glass—is, that the eenire 
of mrvatttre of the lenses should be exaetly opposüe the pupü of 
each eye ; or f in other words, that the di&tanee betwten the right amt 
left-hand glaset# should correspond to the dist a nee betwem the 
eye*—emtre to cettirc. This is capable of easy nieasurement; m, 
in choming your bmoeulars, those not corrcsponding to this re* 
quirement should be at once rejected, irrespective of etber cou* 
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siderations. It is seldom that the distance between the pupils 
permits of & larger object glass than 2|-inches diameter, as it 
will be apparent to anyone that its measure must be a little less 
than the aforesaid distance, to allow for setting in the frajnes. 

Hence a good and well made pair of glasses may suit one man 
perfectly, and another not at alL 

A binocular has been devised, fitted with a hinged joint con- rnnped 
nectingthe twin parts, so that the distance between the barreis M“ 06111 *“*- 
can be increased or diminished at pleasure, to suit different eyes, 
bat for several reasons it is not a success. 

The bestdescription of binoculars have siz lenses in each tube, 
three being combined to form the object glass, and three to form 
the eye-piece. In this System some of the lenses are made of 
erown, and others of flint glass, on account of the unequal 
dupersive power of these two substances. A suitable combination 
of such lenses gets rid of the fringe of colour which in cheap 
glasses surrounds the object ander inspection like a halo; and the Lensei. 
name achromatic (derived from the Greek a, without; chroma , 
colour) is accordingly given to a telescope or binocular possessing 
such an arrangement The medium-priced binoculars have an 
achromatic object glass of two lenses, and a single eye lens; but 
in the very common glasses, both the objective and ocular are of 
the simple form, and the fringe of colour, inseparable from their 
use, fatigues the sight and impairs the sharp definition of whatever 
is looked at 

Without being in the least colour-blind, it is difficult, when using 
cheap glasses on a dirty night, to distinguish with certainty the 
colour of a vessers lights, especially when the latter happen to be 
nothing extra in themselves. Under such unpleasant circum- 
st&nces a white light is apt to have a greenish or reddish tinge, as 
the case may be; or a green light, as likely as not, is mistaken for 
a white one. It is important, therefore, to be provided with the 
best article if you wish to guard against collisions. 

The common long-draw binocular is always to be avoided, as 
with wear the sliding tubes work slack, and the parallelism 
of their axes being destroyed, the observer “ sees double.” This 
remark does not apply to a binocular of superior make now Tourist«’ 
coming mach into favour with yachtsmen and tourists. It is to 
all intents and purposes a small double-barrelled telescope, a 
condition inconsistent with its use as a night-glass. For day use, 
however, these glasses are admirable as a substitute for the 
telescope, and being easier to hold, recommend themselves greatly 
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to ladies, or to gentlemen who have not got their sea-Iegs aboariL 
The high price of the good ones—£10 to £20—restricts their aale, 
and, after all, they are nothing more than a coinpromka 

To protect the eyes from a strong cold wind, it is a good plan 
to have the binoculars furnished with a concave shield of thin 
brass, made to fit dosely to the face, and toship and unship when 
required. Any handy engineer on board can do this, and it will 
be found a great comfort to persona with weak eyes. 

Many men, from its greater portabilifcy, habitually use the bino- 
cular in the day time ; but where the distance is great, and tho 
object small, it has to give way to the more powerful telescope. 

The marine telescope for ordinary use, like the binocular, must 
not have too high a magnifying power, as the greater it is, for the 
same sized object glass, the fainter the picture, and the narre wer 
the field of view. This latter is a niost scrious drawback to tho 
telescope for general purposes, as it increases the diffieulty (always 
experienced afioat) of keeping the Instrument fixcd on the object 
nnder scmtiny,the least motion atonce puttingitout of the field, 
so that a continuous and steady look is impossible* Can anything 
be more annoying ? Moreover, in nüsty weather a glass with 
great magnUying power is unsuitablc, as it magnifies the hare as 
well as the object, and, of course, renders the latter cveu more 
indistinct und blurred than befere* Nevertheless, there are timm 
when a powerful glass is suitable. 

The writer possesses, and occasionally finds useful, an elegant 
compound telescope (onc of Ross«, price £9), wliich* by means of 
what is termed a pancratic Arrangement, can be made to magnify 
30, 40, or 50 times. It h&s two 11 drawa* For general purposes 
tho ono nearest the observer is not pulled out or touched in any 
way, and the glas» then magnifies but 30 times; if, however, an 
exceedingly bright clear day justifies tho use of a higher j>owcr, 
thia can be obtained Up to 50 by drawing out the small or 
pancratic tube, which is marked by numbered rings, so as io 
iudicata the procise power employed : the focussing is dono witli 
the other tube as befora 


* U *«f 112 Npw IWI Stmt» Lotidou, Jim «oquirtil ji weU-deflurved repytAtioö 
M ihm nmuf«olur«r of talorap«*, He «alb m reftllj good gt«w ftl £8. luviog 
] | time« the inteiuity of \ham of onlinu^r conitructkm - hut Ih* cm« nid »t U 11 
«nirth the «liffvrrncv ul priem, Both gU*ww meuira SL iochee wbea open, und 25 
l&ithoa wh*o qM, »ith ft puw«r of 20. The £S glu, however, bi m ipertiu« of 
bcbia-e qitmrtmr of ia Loch more than Uns other-wjth the eupehor ftdvft&tftjrv ef 
f is— iog the ofdiOftry it)Uwit]f ( which pwnniU ol it« ui« tt or in glouaif 

w**tb «r. 
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The Calcutia pilots, who have often to look for small channel 
marks when yefc a long way from them, invariably bring on board 
their own teleacopes, and but seldom accept the proffered bino- 
cnlar. It must be remembered, however, that the use of these 
powerfol instrumenta is, in their case, restricted to clear weather 
and perfectly smooth water. 

In providing yourself, therefore, with Binocular and Telescope, 
recollect that each has not only its own important, but its perfectly 
distinct function. Of all things, beware of " cheap Johns.” 11 
you wish for a really good article, you must be prepared to pay a 
reasonable price for it* 


* Same yean ago the anthor’s curiosity was exdted by the aeemingly roarvellous 
e titwn e n t In the window of a «hop, in a oertain town, both of which shail be nameles*, 
that a binocolar, exhibited for mle, had rendered an “ object" visible at the distance of 
■znety müaa. This was atteeted by a letter to be seen within. On enquiiy, the 
“object” torned out to be none other than the bland of Trbtan d’Acunha, which, as 
Most sonthem-going sailon know, b eometimee visible to the naked eye at even a greater 
dbtaoon. Thb reminds one of the aneodote of the Cockney tonnst on the summit of 
Ben Lospond : on remarking to hb Scotch gm Je that they conld discem objecto at a 
great diatanoe, the gnide replied that if the other would only jost wait a couple ot 
kon or so ho wonld be able to see something mnch further still. Gneas the feelings 
of the tonnst when, on enqniring what he wonld see, he got for answer, u youü tee the 
«so«.” Not lang sinoe another shop notice canght the author’s eye ; it was to the 
tffect that the binocalar it referred to wonld enable a person to be reoognised at a dis- 
t»nee of fire milee. Now, when it b known that at that distance a man of average 
kdght will only snbtend an angle of forty-five seoonds (three-quarters of a minute 
of arc), it will at once be evident that snch a Statement b ridicnlous. On the other 
band, Tdacopet (where large enongh) are capable of very mach greater feats. For 
eiample, Sir Henry Besoemer has in oonne of constrnction a reflecting telescope with 
a speculnm of silvered glase 4 feet in diameter. With thb instrament placed in hb 
Observatocy at Denmark Hill, he expects to be able to read a newspaper posted 
against the side of the Crystal Palaoe, 84 miles away. Lord Kosse's famous telescope 
bas a metal speculnm of 4 tons weight and 6 feet in diameter. Its light gathering 
powor io c one equently enormons, bnt owing to defects in cnrvatnre, its dtfning power 
b snr passed by amaller bnt more perfect instraments, such as that belonging to Mr. 
Ainshe Common, the astronomer of Ealing, which has a silvered glase speculnm of 874 
behes in diameter; Thb last named telescope b thought by some to be the most 
powerfnlone in existenoe. 
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CHAPTER XIII 

SIR WILLIAM THOMSON'S NAVIGATION AL INSTRUMENTS. 

1, NEW FORM OF AZ1MUTH AND ßTEERINO C0WFAS3, WITH APJUNCTS FOR 

THE COMPLETE APPLICATION OF TBE LATE ASTRONOMEN BOTAI/8 PRIK* 

CIPLE3 OF CORRECTION FOB IRON SHIPS. 

Forty odd years ago, Sir George Airy, tlien Astronomer-Royal, 
shewed Low the errors of the Couipass, depending ob the inHuenee 
produced by the iron of the ship, may be perfcctly conveted by 
permanent magnets and soft iron placed in the neighbourhood of 
t! le bi ii nacle. Parti ul app I icati ons of h i s inethod came immediate ly 
into use in merchant steamera; and within the last tifteen years 
have become universal, not only in tlie merchant Service, but in 
the navies of England and other countries. 

Sir. William Thomson's compam j s and binnacles are designed to 
thoroughly carry out in practica! navigation the mathcmatical 
theories referred to above; but the general drawbaek fco the 
complefce and accurate realisation of plana for aiming out tlu so 
principles heretofore, has been the great mje of the needles in tho 
ordinary compass, which renders one important part of the correc- 
tion—the correction of the quadrautal error for all latitudes by 
masses of soft iron placed on the two sides of the binnacles— 
practically unattainable; and which limits» and soxnetlmes parti all y 
vitiates, the other chief part of the correction, or that which is 
perforuied by means of magnets placed in the neighbourhood of 
the compasa 

Ten years ago the attention of Sir William Thomson was forced 
to tliia subject, through his having been called upon by the Royal 
Society to weite a biographical sketch of the late Mr. Arehibald 
Smith, with an account of hk scientific work on the marinera 
cum pass and ship'e navigation; and he therefore commencod to 
inake trial compasses with very much amaller needles than any 
previously in me; but it was only after three years of very varied 
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trials in the laboratory and workshop, and at sea, that he 
succeeded in producing a mariner’s compass with the qualities 
necessary for thoroughly satisfactory working in all weathers and 
all seas, and in every dass of ships, and yet with small enough 
needles for the perfect application of the late Astronomer-Royals 
method of correction for iron ships. 

One resnlt at which Sir William arrived, partly by lengthened 
trials at sea in his own yacht, and partly by dynamical theory 
analagons to that of Fronde with reference to the rolling of ships, 
was that steadiness of the compass at sea was to be obtained not 
by heaviness of needles or of compass card, or of added weights, 
bat by longness of vibrational period* of the compass, whatever vibrational 
way the longness may be obtained. Thus if the addition of weight ptrlod * 
to the compass card improves it in respect to steadiness at sea, it 
i 3 not becanse of the additional friction on the bearing point that 
this improvement is obtained; on the contrary, the dulness of the 
bearing point, or too mach weight upon it, renders the compass 
less steady at sea, and, at the same time, less decided in shewing 
ehanges of the ship’s head, than it would be were the point 
perfectly fine and frictionless, supposing for a moment this to be 
poseible. 

It is by increasing the vibrational period that the addition of 
weight gives steadiness to the compass ; while, on the other hand, 
the increase of friction on the bearing point is both injurious in 
respect to steadiness, and detrimental in blunting it or boring into 
the cap, and so producing sluggishness after a short time of use at 
sea. If weight were to be added to produce steadiness, the place 
to add it would be at the very circumference of the card oarried 

The conclusion that Sir William Thomson came to was that no out#r edÄ ** 
weight is in any case to be added, beyond that which is necessary 
for supporting the card; and that—with small enough needles to 
admit of the complete application of the late Astronomer-Royals 
prindples of correction—the length of period required for steadi¬ 
ness at sea is to be obtained, without sacrificing freedom from 
frictional error, by giving a large diameter to the compass card, 
and by throwing to its outer edge as nearly as possible the whole 
mass of rigid material which it must lmve to support it 


• The ribrational period, or the period (m it may be called for brevity) of a 
mmpew, is the time it takes to perform a complete Vibration, to and fro, when 
deflected horisontaUy through any angle not exoeeding 80° or 40 9 , and left to iteelf to 
Tibnte freely. 






In the compass card, of which a representatkm Is here given, 
these qualities are acquired by supporting its outer edge 011 u 
thin rim of alnminium—a strong but exeoedingly light metal— 
DeAcrlptloQ of ai *d it® i nrier part* <*& thirty-two silk tlireads stretehed from the 
rim to a small central boss of alixxmniuni, making thirty-two 
spokes, as it were, of the wheeL The card itse-lf is of thin strong 
paper, and all the central parfcs of it are cut away, leaving only 
enough to ahew conveniently the ordinary points and degree 
divisioos of the composa. The central boss consists of a thin dise 
of aluminium, with a hole in its centre, which rests on the pro- 
jecting lip of a small inverted cup made of the same metal, and 
raountcd with a sapphire cap, which, in its turn, resta on a fixed 
Iridium* point # and so sustains the eutire card. 


* The hirdoat metal known» 
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<LLP A.XD BEARIMQ POINT. 



Eght small needles, from 3J to 2 inches long, made of thin 
steel wire, and weighing in all 54 grains, are fixed like the steps 
of a rope ladder on two parallel silk threads, and slung from the 
alumininm rim by other silk threads rove through eyes in the 
ends of the outer pair of needles. 

The weight of the central boss, aluminium cup, and sapphire 
cap, amounts in all to about five grains. It need not be more for 
a 24-inch than for a 10-inch compass. 

For the 10-inch compass, the whole weight on the iridium Weight of 
point, including rim, card, silk threads, central boss, and needles, 
is about 180 grains. The limit to the diameter of the card 
depends upon the quantity of soft iron that can be introduced, 
withont inconvenience, on the starboard and port sides of the 
binnacle, to correct the quadrantal error. If, as sometimes may 
be advisable in the case of a pole or masthead compass, it be 
dedded to leave the quadrantal error uncorrected, the diameter of 
the compass card may be anything from 12 to 24 inches, according Blse 01 card - 
to rircumstancea. A 24-inch card on this principle will un- 
doubtedly have less frictional error or “ sluggishness ” for the 
same degree of steadiness than any smaller size; but a 12-inch 
card works well even in very unfavourable circumstances, and it 
will rarely, if ever, be necessary to choose a larger size, unless for 
eonvenience of the steersman, to enable him to see the divisions, 
whether points or degrees. 

Specimens of 12-inch, 15-inch, and 24-inch Pole compasses have 
been made. The last mentioned may be looked at with some 
curiosity as being probably the largest compass in the world, and 
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would require a bowl like a washing tuk It will no doubt be 
properly condemned as too cumbrous for use at sea, evea in the 
largest ship, bat there cati be no doubt it would work well in a 
position in which a smaller compass would be made to aseillate 
yery wildly by the motion of the slup. 

The subjoined diagram represents the 10" Standard Compass 
and upper portion of binnacle. The Azimuth-Miiror is ahipped 
ready for observiug* and it will be noticed that a small door in 
rear of the helniet gives access to it, so that in bad weather an 
aziinuth or bearing ean be taken without removing the binnade- 
top, 



The M period M of Sir William Thomson 1 's 10-inch compass is in 
England about 40 scconds, which is more than double the "periöd * 
of the A card of the Admirolty Standard Compass, and is con* 
sidcrably longer than that of the ordinary 10-inch compass so 
mach in use in merchant steamera The new compass ought, 
therefore, according to thoory, to be considerably stcadier in a 
heavy sea. than eit her the Admiralty compass or tho mfinaiy 
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10 -inch compass, and actaal experience at sea has thoroughly 
fnlfilled this promise. It has also proved very satisfactory in Frictiomd 
respect to frictional error; so much so that variations of a #rror - 
steamers conrse of less than half a degree are shewn instantly 
and surely, even if the engines be stopped, and the water per- 
fectly smooth. 

With the small needles of Sir William’s compass, the complete 
practical Application of the late Astronomer-Royals principles of 
correction is easy and sure: that is to say, correctors can be 
applied so that the compass shall be free from Deviation on all 
points; and these correctors can be easily and surely adjusted at 
sea as nced may arise, so as to remove the smallest discoverable 
error growing np, whether through change of the ship’s own 
magnetism or of the magnetism induced by the earth according 
to the geographical position of the ship. 

To correct the quadrantal error, a pair of solid or hollow iron Quadnntal 
globes are placed on proper supports attached to the binnacle. ccm€Mn ' 
This mode is preferable to the usual chain boxes, because a con- 
tinuous globe or spherical shell of iron is more regulär in its 
effect than a heap of chain, and because a considerably less bulk 
of the continuous iron sufiices to correct the same error. 

When, in a first adjustment in a new ship, or in a new position 
of a compass in an old ship, the quadrantal error has been found 
from observation, by the ordinary practical methods, it is to be 
corrected by placing a pair of globes in proper positions according 
to the t&ble on next page. 
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MAGNETIC VALÜES OF IRON GLOBES. 


DiiUnoea of the Ne&rest Points of Globes from Centre of Compnss. 
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QUADRANTAL ERROR. 

Table fob Correction of Quadrantal Erhob, 
FROM 12 TO 16 DEGREEä 


Error to be 
Corrected. 

12-inch 

Globes. 

11-inch 

Giohes. 

mm 

Inches. 

Inches. 


8*61 

7*89 


8*42 

7*72 


8*23 

7*54 

13* 

8*05 

7*38 

14 

7*89 

7*23 


7*73 

7*09 

15 

7*58 

6*95 

15* 

7*44 

6*82 

16 

7*30 

6*69 


When the quadrantal error has been thus once accurately 
corrected, the correction is perfect to whatever part of the world 
the ship may go, and requires no adjustment at any subsequent 
time, exoept in the case of some aiteration in the ship 8 iron, or of 
iron cargo or baliast sufficiently near the compass to introduce a 
sensible change in the quadrantal error. 

The vast aimplification of the deviations of the compass effected 
by a perfect correction of this part of the whole error, has not, 
until now, been practically appreciated, because, in point of fact, 
with other compasses this correction has rarely, if ever, been 
saccessfully made for all latitudes. The pair of large needles of 
the compass ordinarily used in merchant ships does not—as has 
been shewn by Captain Sir Fred. Evans and Mr. Archibald 
Smith—admit of the correction of the quadrantal error in the 
usual manner, without the introduction of a still more pernicious 
error, depending on the nearness of the ends of the needles to 
the masses of chain, or of soft iron of whatever kind, applied on 
the two sides of the compass to produce the correction. The 
Admiralty Standard Compass, with its four needles proportioned 
and plaoed aocording to Archibald Smith’s rule, is comparatively 
free £rom this fault; so also is the compass described in Chapter 
II; but even with them, and still more with the stronger needles 
of the 12-inch compasses of merchant ships, there is another 
aerious cause of failure, depending on the magnetism induced in 
the iron correctors by the compass needles, in consequence of 
which, if the quadrantal error is accurately corrected in one lati- 
tude, it will be found over-corrected in high magnetic latitudes, and 
^nnder-corrected in the neighbourhood of the magnetic equator. 


Dlfflculty tu 
oorrecttng 
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SPECIAL FEATURES AND ADVANTAGES 
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Sir William Thomson s com pass is special! y dcsigned to avoid 
both thes© eauses of failure in the correction of the quadrantal 
error ; and experiment has conclustvely shewn that, with ifc, the 
correction by such moderate masses of iron as those indicated in 
the preceding table, is praetically perfect, not only in the place of 
adjustment, but in all latiindes. 

When once the quadrantal error has been accurately corrected* 
there is no difficulty about the semi-circular deviation, since tho 
binnacle is provided with proper appliances for eflecting this part 
of the adjustment in a speedy and certain mann er, and with the 
minimum of troublc. 

The objection has offen becn made to the use of correcting 
magnets, that their re-adjustment at sca leaves the navigator 
without the means of judging, when he returns from a foreign 
voyage, as to how much of the existing error found on re-adjnst- 
ment depends on changcs which have heen made in the correcting 
magnets, and how much on changes of the sbip’s own magnetism. 
This objection has been mefc, in Sir William Thomson s binnacle, by 
providing that at any moment the correctors ean be removed or 
set to any degree of power to which they may have been set at 
any time in the course of the voyage, and again re-set to their 
last position with perfect accuraey. 

The appliances for changing the adjustment are ander lock and 
key, so that they can never be altercd, except by the c&pt&in or 
some properly authorised offieer. 

Further to facilitate the me of the correctors, they have scales 
affixed, which are graduated accurately to corroapond to definito 
Variation« of the cffect which they produce on the coinpasa Tims 
as soon as the error has been determinod by an azimuth or any 
other mode, the corrector may at once be shifted to a position 
certain to compensate it Of course, whoever is perforaing the 
adjustment will s&tisfy himsclf of its corroctness by a second 
observatiom 

The oompass-bowl is attachcd to the suspensory rings by knife- 
edge gimbals, and, to diminish the shocks incidental to ship-board, 
th© wbole affair is slung from an elastie copper grommet 
Further, to secure isochronism of the card and bowl, the latter 
is weighted to the reqimit© degree by means of eastor oil confiaod 
in a double bottom. Tbc glass cover is strong, and well secured 
to the besd by means of fotir mUled-lieaded screws; the latter U 
maile to fit air tigbt to the bowl, so that dampness cannot get in 
to cloud the glass; there is conaoquently never any occasion lo 
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meddle with the card. The brass helmet is secured to the binnacle 
rim withont the aid of screws, and can be instantaneously slued 
to the right or left to get rough eye bearings—a great improve- 
ment on the old plan, where the screws were always either DUtinet 
mislaid or lost The binnacle lamps are so placed that the light TlaloaB4ölu * d 
falls on the far side of the card and on the lubber’s point, bnt not 
in the eyee of the observer. In fact, all the details necessary to a 
saüsfactory compass have been carefully considered, and well 
carried out 


8. THE AZIMUTH-MXRKOK. 

Some years ago an important objection was raised by Captain 
Sii Frederick Evans, RN., against the use of quadrantal 
oorrectors in the Navy, that they would prevent the taking of its man j 
bearings by the prismatic azimuth-ring which forms part of the adVÄnU * t *“ 
Admiralty Standard Compass. The azimuth-mirror depicted in 
the diagram on page 138 was designed to obviate that objection, 
and happily dispoees of many others also. 

Its use even for taking bearings of objects on the horizon is not 
interfered with by the globes constituting the quadrantal correc- 
tors, even if their highest points rise as high as five inches above 
the glass of the compass-bowl. 

It is founded on the principle of the camera lucida. The 
observer, whea taking a bearing, turns the instrument round its 
vertical axis until the mirror and lens are fairly opposite to the ** bMid - 
object He then looks through the lens at the degree divisions 
of the compass-card, and turns the mirror round its horizontal 
nri« tili he brings the image of the object to fall on the card. He 
then reads directly on the card the compass bearing of the 
object 

Besides fulfiUing the purpose for which it was originally 
designed, to allow bearings to be taken without impediment from 
the quadrantal correctors, the Azimuth-Mirror has a great advan- 
tage in not requiring any adjustment of the instrument such as 
that by which, in the prismatic azimuth-ring, the hair is brought 
to exacÜy cover the object The focal length of the lens in the 
Arimuth-Mirror is about 12 per cent longer than the radius of 
the circle of the compass-card, and thus, by an elementary optical 
principle, it follows that two objects a degree asunder on the 
horizon will, by their images seen in the Azimuth-Mirror, cover a 
space of 1°*12 of the compass-card seen through the lens. Hence, 
turaing the instrument round its vertical axis through one degree 
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will only alter the apparervt bearing of an object on the horizon 
by 0°*12, Thus it is not necessary to adjust it txadly to tbe 
direct position for the bearing of any particular object, though ns 
a matter of fact it can be done absolutely without trouble of any 
kind If it be designedly put even aa rnuch as 9° awry on either 
aide of tbe direct position, the error on the bearing would hardly 
amount to a degrea 

Fooai Lragtb. If the Instrument were to be used solely for taking benrings of 
objects on the horizon, the foeal length of the lens would be made 
exactly equal to the rat lins of the circle of the card, and thua even 
the small error of OM 2 in the bearing for eaeh degree of error in 
the setting would be avoided. Bot one of the most important 
ttscs of the azimuth Instrument at sea is to correct the compass 
by bcarings of sun, moon, or stars, at altitudes of from Ö” to 50* 
above the horizom The actual foeal length is aeeordingly choaen 
to suit an altitude of about 27 5 , this bei ng the angle whose 
natural secaut is IM 2. Thus if two objects, ncar together, whose 
altitudes are 27h or thereaboute, and dvfference of azimuth is I\ 
should bö taken simultaneously in the Azimuth-Mir ror, their 
differencö of bearings will also he shewn as V by the divided 
circles of the compass card »een through the Ions. 

reitet settingf Hence for taking azimuths of bodies at an altitude of 27*, or 

ujni®cdM« 7 , Qreal^outa, no aetting of the Azimuth*Mirror by turning round 

the vertical axis is necessary, except just to bring the objeefc into 
the field of view, when its bearing will immediately be seen 
accurately shewn on tbe edge of th© compasa*card 

This is a vory valuable quality for use in rough weather at sea. 
or when there are flying clouds which just allow a giimps© of the 
object to be caught, without allowing time to perform an adjust- 
ment, such as that of bringing the tnread of the ordinary azimuth 
ring, or rather, the estiinated middle of the space traversed by the 
thread in the rolling of the ship, to eoincide with the object Tho 
same degree of error ns ou the liorizon ( but in the oppo&ite 
direction, is produced by im perfect settiug in taking the bearing 
of an object at an altitude of 38\ 

Thus for objects from the horizon up to 38 A , the error in the 
bearing is less than 12 jKsr cent of the error in the setting. For 
objects at a higher altitude than 38° the error rapidly increamt 
but it is always easy, if desirod, to set the Instrument accurately 
by turning it so that the red indicator below the lens shall point 
exactly, or nearly so, to the position on the divided circle of the 
cotnp&Hs*card occupicd by the image of the object; iudeed it 
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rdways suggests itself as the natural thing to do. In 110 caso t 
however, isifc recommended, with this or any other instrument, to 
take azimuths above 30". 

For taking star bearings tbc Azimuth-Mirror has the great 
advantage over the prismatic azimuth-ring, with its then invisible 
thread, ihat the image of the objcct is thrown directly on the 
illuminated scale of the compass-card The degree of illumina- 
tion may be made less or more, according to faintness or brilliance CDntnurted 
of the object, by holding a binnacle lamp in the band at a greater lnstramtnti. 
or less distance, and lctting its light shine only on the portion of 
the compass-card from which the bearing will be taken. Indeed, 
with the Azimuth-Mirror, it is almost easier to take the bearing 
of a planet or moderately bright star by night, than of the sun by 
day; the star is seen as a fine point on the margin of the card 
and it is easy to read oft' its position instuutly by estimation 
to the tenth of a degree. 

The most convenient as well as the most accurate method of all, 
however, is the sun when bright enough and high enough above 
the horizon to throw a good shadow on the compass-card. For 
this purpose is the brass shadow-pin which, wlien required, is skadow-Pin. 
inserted in the framework of the instrument in such a position 
tbat when the Azimuth-Mirror is properly shipped on the glass of 
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the compasa-bowl, the piu is perpendicular to the glas% and accu- 
ratcly centred over the bearing point of the cartL A small cir¬ 
cular level attached to the Instrument, shewn on right of diagratn, 
teils at once whether the compaas-bowl is out of balance, but in 
practice this is seldom or uever the case. Any way tlie reraedy is 
simple: a small weight of any kind—say a penny piece—may be 
moved about on the glass tili the bubble of the level remains in 
the centre of its ran, and takcn away öfter the ohservations are 
completed. 

Anothcr advantage of tho Azimuth-Mirror, particularly iia- 
portant for taking bearings at sea when there is rnuch inotion, 
Ls that with it, it is not neeessary to Iook througli a small aperture 
in an Instrument moving with the compass-bowl, as in the ordinary 
prisrnatic arrangement still fitted to the Standard compa&ses of 
inany of the best merchant vessela In using the Azimuth-Mirror, 
tho eye may be placed at any distance, say from an ineh or so to 
two or three feet from the instrument, according to convenienee, 
and in any position, and may be moved about frcely through a 
considerable ränge, on either side of the line of direct Vision 
through the lens, without at all disturbing the accuraey of the 
observation, 

This last condition is securcd by the lens being fixed in such a 
Position that the divided circle of the coinpass-card is in its 
principal focus, Thus the virtual iinage of the divided circle is 
at an infinite distance, and the images of disümt objects seen 
coincidently with it by reflection in the mirror, show no shifting 
on it, that is to say, no par&llax, when the eye is moved from the 
central line to either side. 

The Aziinuth-Mirror is fitted with colaurod sliades for t ise 
when observing the mm; and for bearings of objects on or near 
the hörizon, the mirror can be reversed in a second of time, m as 
to nmke the reflected Image of the degrees on the card coineide 
with the object seeu by direct vision over the top of the mirror* 
There are, therefore, two methods of getting the bearings of objects 
near the horizoti, and the obserrer can pleose lumself as to which 
ne employa 

This little Instrument is the quintessenc© of all that is required 
tu obtain occurate bearings of bodies terrestrial or cclcstal 
When not iu actual use it fita into a neat tn&hogany box. 
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S. AH ADJUSTABLB DBFLECTOB, FOE COMPLETELY DETEEMIKIHQ THE COMPASS 
ERHOB WHEH ElOHTS OF HEAVENLY BODIES, OE OOMPA88 MARKS ON 
SHORE, ARB HOT AVAILABLB, AS FOE EZAMPLE IN FOG, OE ON A CLOUDY 
HIÖRT. 


About thirty-five years ago, Sir Edward Sabine gave a method, Origin. 
in which, by aid of deflecting magnets properly placed on pro- 
jecting arms attached to the prism-circle of the Adniiralty Standard 
compass, a partial determination of the error of the composs 
could be made at any time, whether at sea or in harbour, without 
the aid of azimuths of heavenly bodies or transit marks on shore. 

The adjustable magnetic deflector invented by Sir William improred 
Thomson, is designed for carrying out in practice Sabines method 
more rapidly and more accurately, and for extending it, by aid of 
Archibald Smith’s theory, to the complete determination of the 
compass error, with the exception of the constant term “ A ” of 
the Admiralty notation, which in almost every practical case is 
zero, and which in a well made compass, and with a correctly 
placed lubber line, can only have a sensible value in virtue of 
some very marked want of symmetry of the iron work in the 
neighbourhood of the compass. When it exists it can easily be 
determined once for all, and allowed for as if it were an index- 
error of the compass card, and it will, therefore, to avoid circum- 
locution in the Statements which follow, bo either supposed to be 
zero, or allowed for as index-error. 

The new method of adjustment is founded on the following Prindpie 
fonr principles:— 

(1.) If the directive force on the compass needles be constant 
on all courses of the ship, the compass is correct on all courses. 

(2.) If the directive force be equal on five different courses it 
will be equal on all courses. 

(3.) Supposing the compass to be so nearly correct, or to have 
been so far approximately adjusted, that there is not more than 
eight or ten degrees of error on any course, let the directive forces 
be measured on two opposite courses. If these forces are equal, 
the compass is free from semicircular error on the two courses at 
right angles to those on which the forces were measured; if they 
are unequal, there is a semicircular error on the courses at right 
angles to those on which the forces were measured, amounting to 
the same fraction of the radian that the differencc of the measured 
forces is of their sum.* 


* The Unit of circular measure is an angle which is subtended at the centre of a 
circle by an arc equal to the radius of that circle. Such an angle goes by the u.une 
of the 4 radian,* and is equal to or 57° 3 nearly 
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(4) The differenco of the sums of the directive forces on öppo- 
site courses in tvvo linos at right angles to one another, divided by 
the sum of the four forces, is equal to tho proportion which the 
quadroutal error, on the courses 45* frotn those on which the 
observations were made, bears to 57 "3. 
rta wie eaaüy The deflector may be used either under way or in swinging tlie 
ship at buoys* The whole proeess of correcting the compass by it 
is per form cd with the greatcst ease and rapidity whcn under way, 
with sea rootn enough to steer steadily on each course for a few 
minutes, and to turn rapidly from one course to another* 

For each Operation the ship must be kcpt on one course for threo 
or four minutes, if under way, by htecring by aid of au aoxdiary 
com pass, otherwise by hawsers in tlie usual inanner if swinging 
at buoys, or by meana of steam-tugs- A Variation of two or threo 
degreea in the course during the Operation will not make a third 
of a degree of error in the result, as regards the final correctioii of 
the compass* 

The detiector reading is to Le taten according to the dci&iled 
directions in the printcd u Instructions ” accompanying the Instru¬ 
ment* Thb reading may be taten direct on the small straight 
ecale m the lower pari of the Instrument* The divided micro- 
meter circle at the top is scarcely needed, as it is easy to cstU 
nxate tlie direct reading on the straight scale to a tenth of a 
di Vision, which is far more than accurate enough for all practical 
purposes* This reading with a proper constant added givcs, in 
each caae, the nuinber measuring in arbitrary units the magni- 
tude of the direct force on the compass for the particular course 
of the ship on which the observation is made, 

Amount The adjustment by aid of the deflector is qiute m accurate as it 

atuSuSS? cmi b J r °f COm pass rnarks or sighta of sun or stars, though 
on a clear day at any time wben the sun s altitude b leas than 4Ü* # 
or ou any clear night, the adjuster will of course take Avan¬ 
tage of aights of sun or stars, whether he helps himself also with 
the deflector or not* 

Tbe deflector consbts of two pairs of small stcel bar magnets bc 
attached to brass fraines, jointed togethor and supported an & solc* 
platc, which is plaeed on the glass covcr of tho coinpass-bowl 
whcn the Instrument is in usa Tlie two frames carry pivoted 
ßcxew nute* with right and left handed ecrewa A brass »halt aa 
with right and left handed screws cut on its two halves, works in 
theso uuts ho that whcn it 14 turned in either direct ton one of tho 
two pairs of north poles b brought nearer to, or farther from* ono 
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of ihe two pairs of south poles, while the other two pairs of north Position 
and sonth poles are all in the line of the hinged joint between the ** Pol • i • 
two frames. This arrangement, which constitutes, as it were, a 



jointed horse-shoe magnet, adjustable to greater or less magnetic 
moment by increasing or diminishing the distance between its 
poles throngh the action of the screw, is so supported on its sole- 
plate that, when this is properly placed on the glass of the com- 
pass-bowl, the effective poles move to and fro horizontally about 
hnlf an inch above the glass on the two sides of a vertical plane 
throngh its centre. 

The sole-plate rests on three feet, one of which, under the *° ld 
centre of gravity of the deflector, rests in the couical hollow in 
the centre of the glass. It is caused to press with a small part of 
its whole weight on the other two feet by a brass spring attached 
to the bottom of the sole-plate, on the other side of the centre 
from these two feet, and pressing downwards on the glass. This 
is shewn at bottom and on the left of diagram. 

A brass pointer attached to the sole-plate marks the magnetic 
axis of the deflector. It projects from the centre, on the side of 
which is the pair of south poles. This is shewn near the bottom 
and on the right of the diagram. Thus if the deflector be 
properly placed on the glass of the compass-bowl, with the pointer 
orer the north point of the card, it produces no deflection, but 
aogments the directive force on the needle. 

To make an Observation, the deflector is turned round in either 
direction, and the north point of the card is seen to follow the 
pointer. 

The power of the deflector is adjusted by the screw, so that Power, how 
when the pointer is over the east or west point of the card, the refi ^ üated * 
card rests balanced at some stated degree of deflection, which for 
the regulär observation on board ship is chosen as 85°. A scale, 
measuring changes of distance, is then read and recorded. 
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150 MARINE DIP FING NEED LE. 

For adjusti ug a com pass by tho aid of tlie ddiector, ibe correct- 
in g magnets are so plaecd tbat the deflector reading, fornid in the 
marmer just described, sliali be ibe same for the four Cardinal 
courses j and also for one of tlie quadrantai courses, if the composä 
b sufficiently affected by un&ymmetricnlly placed iron to shew 
any sensible amount of the 11 E” constituent of quadraiital error* 

When the deflector is to be used for determimng the amount 
of an unoorrteitd error* according to principles (3) and (4) above, 
the magnetic value of its acale reading must be determined by 
erperiment Tina is very eaßily done ou shore, by observations of 
its deflecting power, wben set by its screw to different degreea of 
its sealc. 

Under a good teacher, the practical usc of tfiLa inv&luablc instru- 
ment is soon leanit, and after reasonable practice with it there ia 
no particular difficulty. 

1 NEW FORM OF MARINE DIPPINQ NEEDLE, FOR FACIUTATJNO THE 
CORRECTION OF THE HEELINO ERROR* 


( 



The marine dipping nee lle is used for cotnparing the ** vertical 
force ** m on shore with the "vertical force on board, there by 
enabling the vertical magnet in the bimiacle to be so adjusted as to 
correct tho beding error* It consists of a magnetised steel bar b, 

m (l Vpftip») fiirw "Ui »hört für the vertical campurieot of the nrilt'i 

uta^netic force* It i» reckened u poeiltvo wtieti the direcUon cf tte actton lipon a ml 
pole b doHHHrnnb* u in the northeru hembphera ; and negative when 11 pward«, m in 
ibe »Liiithern hetnbphere. At the magnetic equator it in Sero. The amount cf ihm 
vertical force at any plec« b eaJeulated by multipiyiti# the vake of the boruouUl 
(«rer, L'ivf-n by the chart of liac« cf eqml bort«»nUl force cf the Admtralty Manual, 
by the tangent of the <Üp ae given by tho ehnrt of Irae« of eqtial magnetic dlp, Thu«, 
(wr »wmpld, the tauge nt »f the dip for Uw South of England bring 2'41, and the 
hori^mta! ferne tbwr* beiag oalled tuiity, the vertical force there te S'U The tangent 
<4 the dtp at Aden La *09, and the borbmiil force there u l ‘95 ; henoe the rvrucal 
force there U 17^, or afcuut 1 * B <>f the vöUc*| fmee al the South of England, 
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supported on knife-edges, so as to be capable of turning round a Marine 
horizontal axis dL Before being magnetised, the needle is balanced 
so as to be truly horizontal when resting on the knife-edges. 

When magnetised, the north or red end dips, and a paper weight c 
is fitted on the Southern half of the needle to restore its balance. 

This weight can be slid along the needle whenever a change in 
the “vertical force’’ renders it necessary. 

To correct the heeling error on board ship, the instrument is 
first taken on shore, to a spot free from Local Attraction, and the 
paper weight adjusted, so that with the bubble of the spirit-level/ 
in the centre, the needle is exactly horizontal when resting on the 
knife-edges. There are marks by which this can be effected. 

If the mean directive magnetic force on board were the same 
as the directive force on shore, the instrument would now be taken 
on board and placed in the binnacle in such a position that its 
needle would now occupy the place previously occupied by the Howtoueeit 
needles of the compass card, which latter has to be temporarily 
removed. It would then be found, probably, that the needle had 
departed from its horizontal position, and the vertical magnet in 
the binnacle would have to be moved up or down to restore the 
level, alwqj« bearing in mind to keep the bubble in the centre. 

But it so happens that the mean force is generally from to 
less on board than it is on shore, and in Order to allow for this, 
the paper weight must be pushed nearer to the centre of the 
needle by -jV or This can be done by turning the instrument 
upside down, so an to make the needle lie along a scale graduated 
from the centre outwards. This being accomplished, the instru¬ 
ment is taken on board ship, and the compass-bowl having been 
removed from the binnacle, the instrument is slung by four 
lanyards, so that its needle shall take up the exact place before 
occupied by the needles of the compass-carcL The vertical magnet 
is then slid up or down until the needle of the instrument re 3 ts 
iraly horizontal when the bubble of the spirit-level is in the 
centre. 


0. HAYIOATIOHAL BOTODINCI MACHINE. 

This important instrument has already been briefly described 
on pages 114 and 115, but further details will be both useful and 
interesting. 

The sonnding machine in question is designed for the purpose 
of getting sonndings from a vessel running at high speed in water 
of any depth not exceeding 100 fathoms. 
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The difficulties to be overeome are twofold; first* to gut tbe 
lead or sinker to the bofciom; aud seeondly, to get sure evidence 
aü to tho depth to which ifc liasgone down. For practical naviga- 
tion a tliird difficulty must also be met, and timt is, to bring tho 
sinker np again; for although in deep-sea surveyg, in water of 
inore than 3000 fathome depth, it is adv kable, even when piano- 
forte wire is used, to 1 ©ave thc tbirty or fortv pounds sitiker at 
tbe bottoin, and bring back only tbe wire with attached 
Instruments—it w T ould never do in practica 1 navigation to throw 
away a sinker every time a cast is taken ; and tlie loss of a sinker, 
whether witli or without any portion of the line, ouglit to be a 
rare occurrencc in many casts, 

The tirüt and tliird of these difficulties seenied insuperable, at 
all events they had not hitherto beeu overeome with hemp rope 
for the sounding fine, except for very moderate depths, and for 
speeds much under the full epeed of a modern fast steamer. 

Taking ad van tage of tbe great strength, and the snmll and 
smooth area for reaist&nce to motion through the weiter, presented 
hy pianoforte wire, Sir William Thomson hm sncceeded in overeom- 
ing all these difficulties, and with his sounding mach in c a cast in 
100 fathoms can readily be got from a vessel ruiming 15 or 10 
knots an hour. 

The steel wire weighs nearly l \ Ihs. per 100 fathoms, and bears 
when fresh, from 230 to 240 !!>?. with out breaktog; its circurn- 
ferencc is only -03 of an mch. By carefully keepiug it always, 
when not absolut eh' in use, under limc water, in the galvanized imn 
tank BUpplied for the purpose, it ia preserved quit© free froin 
rust, and, bar ring accidents, will last an indefinite time. 

In the inost recent pattem, shewn in the dkgram on next 
page, the tank of Itme water fonns a fixed part of the ent in? 
machine, and tbe drum Ls so anatiged with reganl to it, that as 
soon as tbe east is taken tho wir© cau be submei ged and kepfc so 
tili within half a minute of taking the next cast This is n great 
improvement In winding in, one mau should guide tbe wire, to 
make it lie evenly 011 the drum, with a piece of canvas wet w ith 
Hm© w*ater, The canvas inay be kept in the tank* 

When taking a cast, not only is the wire wvn tosUckcu on the 
lead touching tbe bottom, bot tlie ioumt is quite different When 
removing tbe glase gauge-tube from the brass guard-tube, be eure 
aud hvp the open md down ; also in reading off the depth by the 
l*ox*wood seid©, mamtain it in this potitkm (vertical, or ßearly so) 
and take the Urne*t part of the ml mark for the reading. 





CORRECTIOX FOR BAROMETER. 


■53 


If thö taxi ißieter fitaniis nt f dii ou« futhuni in 4 \ 

** *t 91 ® * ** <it 30« 

*< I* » ät H 99 * so. 

*■ •* jnp U. 



TL© fignre «faaWB the machine with the small wel ht. A resting ob the long 
»eigiit W, «ad Ihe brake cord B slack, m ifc k ^lieü the wir© Is being wonml 

BL 

To put oti the brake:—Lift the long weigkt W by the hßLd-rope E t and 
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ACCWEXTS TO TUE W1BE. 


place the small weight A in the receas in the large weight, and theu elack 
the hand-rope agaiiL While a sounding is heing taken, the hng wright W is 
held up by the rope E, so aa to allow the small weight A to hang fn?dy, As 
soon as the sinker reaehes the bottorn, the brake is put on by e&eung the rope 
E, and allowitig the weight W to be aupported, by meana of its jawa* on the 
small weight A, The whole weight of W should not be allowed to eome 
auddenly on A, but it shonld be eased down gradunlly. If, when the whole 
weight of W is restrng on A, the wire still contmues to nm out, the bnücea- 
man shonld press bis band down on the top of W until ho atops the wheeL 
In the figure the new deecription of sotmder is sbewn on the left attacbed to 
the cod-lino, but the w r riter does not like it nearly so well na the other kmd 
described at foot of page 114 

If the sinker sliould get jammed in a cleft of rock at the bottom, 
or against the aide of a botilder, the wire will inevitably b© lost. 
Such an accident must obviously be very rare indeed, and any 
other form of souuding madiine is equ&lly liable to the same 
mishap, 

The main care in respect to avoiding hreakage of the wire may 
he stated in three words —Beware of kinks, 

It shonld be earefully seen to at all times, when the cod-line* is 
uubent from the ring, timt the ring is securely scized to the hole 
provnled for the purpose in the riin of the drum, If the wire and 
ring are carelessly allowed to knock about slnck on the drum 
when the drum is befug moved to be set up for use, or to be 
replaced under the lime water* there is a liability to some 
part of the wire getting a turn wliich may at the next cast be 
pulled into a kink, and theu, fareweli to the sinker. All timt äs 
wanted in the successful um of this machine is ordinaiy care and 
Intelligence ■ lack of theae two qualities will occasion tlio loss of 
sinkers and temper. 

* Bntll line^ pUiud like ■igiiAMiilliard atu ff, w pr*fer»bla ( u i% kwp* iUelf fr*# 
from Itum 






CHAPTER XIY. 

THE MERCURIAL AND ANEROID BAROMETERa 

As many seamen are but imperfectly acquainied with the 
fundamental principles of the Mercurial and Aneroid Barometers, 
a short description will not be out of place. 

The word Barometer is compounded of two Greek ones signi- Barometer*» 
fying weight and measure, and the instrument is used accordingly * 

to measure the weight of the superincumbent atmosphere. From 
this knowledge, coupled with other matters which will be discussed 
in the next chapter, conclusions are arrived at with regard to 
coming changes in the weather. The atmosphere, or invisible Helght of onr 
air-ocean, extends for many miles above the earth’s surface, Ätm0BPhere ’ 
becoming more and more rarefied in proportion to its height. 

This latter is variously estimated at from 100 to 200 miles; and 
beyond this is lumini/erous ether —an extremely fine imponderable 
fluid, supposed to pervade all spaca 

At the level of the sea the pressure of the atmosphere on every premre at 
square inch of surface is about 15 Iba, or nearly one ton on the 86ÄleTel * 
square foot, and is exerted equally in all directions— upwards , 

(kwnwardß, and sideways. Without actual proof, it is somewhat 
difficult to believe this from one’s own sensations, but there are a 
hundred ways of shewing it. The most common method is as 
follows:— 

Let the mouth of an ordinary earthen flower-pot be tightly Experiment 
covered by a piece of bladder, well tied down round tho neck. iUu»tratin& 
Stand it on the plate of an air-pump, so that the air inside can be premre. 
exhausted through the hole in the bottom. When this is effected, 
the weight of the external atmosphere, being no longer counter- 
balanced by the previous upward pressure of the air within the 
pot, will cause the bladder to stretch and bulge inwards, and 
finally to burst with a loud report. In a small flower-pot, say of 



MigtiobTirg- 

Eemlspheres. 


I 5 6 atmosphemc pressure explaixed . 

6 inches diaineter, if a complete vacuum were formed (which, by 
the way # is impossible), tlie effecfc of the down ward pressure on 



the bladder—suppodng it capable of withstanding it—would 
amoimt to over 4GÖ pounda 

The same thiag may be demonstrated yet more dearly by 
means of what are knowu as the Magdeburg Heinisphereo They 



are two hollow cupa, mode to fit on to one nuother, with an air- 
tight joint When pressed together by band in tbe ordinary way, 
they are eaaily separater!, there being, io faet, no appreciable 
resißtance; but if connected with an air-pump, and a vacuurn 
formed withiu the cups, so that the air is ooly allowed to exert 
its force on their oiiter sidc, it will bc fonnd very diffieuli to pull 
them a&tmder, the amount of strain required depending upon the 
secticnal area of the eil de: for instance» if the hemispheres 
should be 14 inehea in diameter» they will, öfter exhaustion, be 
presaed together with a force of upwards of a ton, and as thh* is 
the case m whatever positbn ihty mm? bt Md, it proves that 
atmosphmc pressure is exerted equally in all directiona 

A familiär and not unplejfcsant cxauipte is afforded by sucking 
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up sherry-cobhler through a straw. By drawing in the breath a 
vacaum is created in the straw, and tbe atmosphere pressing upon 
the liquid in the tumbler, forces it to rush unopposed into the 
yacant space. 

It is snpposed that in the vortex of most cyclones the spirally vortex of 
ascending cnrrents cause a partial vacuum, and it has been stated ° 3rdon * Ä ’ 
that during the passage of the calm centre of a West Indian 
hurricane, the Windows have been forced outwards into the Street 
by the greater pressure of the air wiihin the housea 

The pressure of the atmosphere having thus been demonstrated, 
it merely remains to show its particular mode of action on the 
barometer. This can best be illustrated by the following simple 
and time-honoured experiment:— 




Take a glass tube about 33 inches in length, hermetically sealed Coittroettoa 
at one end. Fill this with pure mercury, and have some more 
handy in a small vessel, such as a teacup. Press the finger te€lmtt9r * 
tightly over the open end to act as a stopper, and invert the tube, 
pl a cing the end covered by the finger in the cup containing the 
mercury, and when well below the surface, remove the finger. 

The first assumption would be that all the mercury would in- 
staatly flow into the cup. Not so, however. The quicksilver 
will only fall in the tube—leaving a vacant space in the upper 
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end—tili the weight of tlie column ia balanoetl by the atmospherie 
pressure on the liquid metal in the cup, It Is evident that there 
can be no dowwward pressure on the mercury in the tube , since 
the tube ia tightly closed at its upper ond, The eolumn of mer- 
eury remaining w ithin it will be found to be about 30 iuches in 
hLight, and would be equal to the weight of a column of the 
atmosphere having tbe same scction&l area as tlie Inferior of the 
tube 

How it To put this more plainly—supposing the glass tube to have an 

w^ishA tn# internal transverse area of cxactly one snuare inch, and that tbe 
heigbt of the column wii^ ascertained to be 30 inch es, this would 
give the contents as 30 cubic Inches. Now, one cubic inch of 
mercury at a temperatu re of G0° (Fahrenheit) weighs *491 of 
a pound, so tliat the total weight of the mercury in the tube 
would be equal to 30x491, or 14 73 pounds, which would at^o be 
the weight of a column of tlie atmosphere indefinitely high, 
having a siiuüar aection&l area of one square inch. 

Thus we see that the baroineter (true to its name) atFords ft 
vory ready means of detertnining at any mornent the weight or 
pressure of the atmosphere. This is in fact all it is capable of 
doing when only the reading at one place, as on board ahip, can 
he obtainecL 

The blank spoce left at the top of the tübe by the dracent of 
the mercury is the neartst known approach to <t perfect vaeuum* 

Exccpting some small details, it ia in this inanner mercurinl 
barometers are actually constructed. For examplc, it is neccssary 
that by means of a lamp the mercury should be boiled in the 
tube io free it thorougbly frotu air-bubbles. A suitable cisUtii 
is of course substituted for the tea-cup, and a seale of inchc$ in 
atfixed, wbereby to rcail otf tlie height of the mercury in the tube 
above the level of that in the cisteru. 

The reader will therefore umlerstaml that the mercury Jcks 
not rbo and fall in tlie tube merely by its own ex pan dun, or con- 
traction dne to temporature, but that it is forcetl to rtoe, or 
sudered to fall, according to the varying pressure of the atino* 
feil« radtag 8 P^ iere i and ^at the scale readings represent ndb and dedmal 
—tjowflxin«<l jMjrts of an inch, and not de*jrees t as the writer has heard them 
referred to morc than ouce. 

As stated at the commeucement of this chapter, the atmospheric 
pressure or dcusity decreaaes according as we ascend above the 
seadevel, which latter is adopted an the datum liue for b&rotnctrt- 
cal measurementa It doe® so iu obcdience to certaiu known laws 
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which, it should be said, include considerations of temperature, KounUin 
and not unfrequently we avail ourselves of this knowledge to E ** hU ' 
measure the height of mountains by comparing the readings 
(taken simultaneously) of two barometers, one at the base or sea- 
level, and the other at the summit Koughly, for small elevations , 
a vertical aseent of 900 feet corresponds to a fall of one inch in 
the height of the barometer. The depth of a mine may of course 
be measured in the same manner. 

If water were nsed in a barometer instead of mercury, the tube water 
would require to be about 36 feet in length. Water, being 13*6 Baromttar * 
times lighter than quicksilver, would be forced proportionately 
higher, and when the mercurial column stood at 30 inches, the 
water column would have a height of 34 feet. It is due to this 
fact that we are able with a common two-valve suction pump to 
lift water out of a well from a depth of about 28 or 30 feet. 

The action of a siphon is another instance of atmospheric pres¬ 
sure turned to account in a very ingenious way. The siphon is how the 
used to draw off liquids from vessels which it is not convenient or “p 1 “» 
desirable to move, and with care it can be arranged to do this 
wiihout disturbing Sediment at the bottom—sometimes a matter 
of great importance. A vacuum being first formed in the tube, 
die liquid enters the immersed leg and fills the place of the 
exhausted air; and since the pressure on the orifices of the tube is 
in each case equal to the weight of the atmosphere, minus the 
height of the liquid in the respective legs f it follows that the greater 
the difference of level between the surface of the liquid to be 
withdrawn and the orifice of the leg by which it issues, the more 
rapid will be the flow; and further, that a siphon will cease to 
act if the height from the surface of the liquid to the bend of the 
pipe be greater than that of a column of the liquid in use 
iufficient to counterbalance the atmospheric pressure: conse- 
quently, if we were seeking to remove water from a vessel by 
means of a siphon, the difference in height between the bend of 
the pipe and the surface of the water must be less than 34 feet, 
and in the case of mercury it would require to be under 30 inches. 

The following diagram and explanation by J. C. Trautwine, of 
Philadelphia, ought to make the matter clear. 
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44 If one leg ab of a bent tube or pipe abc, of auy diameter, Glied witli water* 
and witli Loth its ends stopped, be plaeed in a reservoir of water, and if the 
Stoppers be then removed, the water in the re farvoir will begin to flow out it 
c, and will continue to do so until its level ts rvdwceil to which is tbe sivme 
ai thrit of the highett end c of the j*ij>e or siphon* The flow will then stop 
The parts ab and bc are ealled the legi of tbe sipbon, 6 l>eitjg it* higbest potnt j 
and thia b correct so für as relates to it mcrely ns a pieee of tubc; but coa- 
eidering it purdy with regard to its ehnraetcr as a hydratilie m ich ine, the pari 
ta below the level of the higher end c, m\y be entirely uegle^ted; for the 
water in the roservoir will not be drawn down below Ute level of the higher 
end, whether that be the inner or the outcr tm& Thertfoie» if the discharge 
cad bc above tbe surfaee of the water in the raiervoir, aa for tostance at W, m 
flow wül take place. 

u The vertical height 60 , froin the highost pari of the siphon to the low rat 
level /, to which the rraomir is to be drawn down, must not, thcoretically, 
ejeeed abont 33 or 34 feet, or that at which the pressure of the mt will aus- 
tain a column of water. Fractically it must bo less, to allow for Uw friet ton 
of the flowing water, and for the mr which force« its way in: and still hm at 
phees für abovo aea level, for at such the mbic?d weicht of the atmoapberk 
cd amu will not balance so great a height of water. 

“ In order rradily to understand, or at any tirae to recall the prinrlple on 
which the siphon acte, benr in rnind that we may theoretically cuturider the 
r» 1 of tbe inner leg to lie not acttnlly Lmmereed below the w.üer «urfiuw, bnt 
onljr to be kept preebely at it as the surfaee deacends while the water in llowtng 
out; but mny regard the vertical dist&nce bo the length of the outer leg; and 
n varying distance, which at flrat is b* f and finally bo (as the surfaee of tho 
water draaends) tw the length of the inner leg; aad that the flow conti mies 
ooly while this outer leg is longer than thu inner one. The books are w rtmg 
which my that the outer log te must be longer than the inner one H in order 
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that the water may ran at alL The prindple then ia simply this: that both 
these legs bc and bi being first filled with water (the part ia being considered 
at firat as a portion of the reservoir, and not of the siphon), it follows that 
when the stoppen are removed firom the orifices c and a, the air presses 
eqnally against these orifices; bat the great vertical head of water bo in the 
onter leg 6 c, presses against the air at c with more force than the small head 
of water bs in the inner leg bi does against the air at a or i; consequently the 
water in bc will tend to fall out more rapidly than that in 6 t, and as it com- 
mences to fall would produce a vacuum at 6 were it not that the pressure of 
the air against the other end a or t forces the water up ib to supply the place 
of that which flows out at c. In this manner the flow continues until the 
surface of the water in the reservoir descends to t on the same level as c. The 
pressure of the vertical heads 6 o, 6 o, in the two legs 6 c, bt, being then equal, it 
ceasea” 

It may be added that, to entirely drain the reservoir, the outer leg would 
require to be longer than the inner one. 

For many reasons a water barometer is unserviceable for seien- water 
tific purposes, but experiments, attended with a certain amount 
of success, are being tried with glyeerine as a substitute. Mer- 
cnrial barometers are rapidly going out of fashion for use on 
board sbip, being superseded by the handier and more sensitive 
Aneroid. 

It is offen difficult to find a suitable spot for the mercurial 
barometer in the confined cabins of vessels. They are apt to bo 
knocked against and broken. To avoid this, it is not uncommon Precautions 
to 8 ee them suspended inside the skylight—the worst possible w^tTmerou- 
place. To indicate truly, the sun must not shine on the instru- 
ment, nor should it be exposed to currents of air, as is almost 
certain to happen in such a Situation, and in which, moreover, it 
is not as accessible as it ought fco be. Again, should a chance 
sea break the skylight, the barometer will also come to grief. 

Unless the instrument hangs truly vertical, the level of the 
mercury within the tube will be too high * For this reason, there- 
fore, when the ship is rolling, ifc must on no account be steadied 
or held in the hand whilst being read off. If anything, such as 
spiral springs or elastic bands, interfere with its free movement, 
the readings will be erroneous. 

We next come to the Aneroid. This word is derived from 
three Oreek ones, signifying " not of the fluid form,” or “ without 
moisture.” Where observations are not required for strictly 
scientific purposes, it is by far the better instrument for use 
afloak It is more portable, and occupies much less room; for portablilty. 
example, it may be kept in a drawer, on a shelf, or fastened to a 
panel near one’s bed, so as to be visible without effort. As already 

L 
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stnted, it is more sensitive than the mereurial barometer, and at 
all times—more especially in heavy weather—easier to read. 

In the Aneroid, fluctuations of the atmosphere aro measured bv 
its varying pressure on an elastic metallic box, from which almost 
all the air bas been withdrawn, and which ia kept from complete 
collapse by a streng spring* The exterior of this vaeuum chamber, 
as it migbt be called, is so connected by multiplying levers and 
springs with the pointer which traverses the face of the instru- 
ment, that the slightest incrcase er dimimition of pressure is at 
once unmistakeably indicated. 

From the pcrfection of make arrived at, and its great porta- 
bility, the Aneroid is now very commonly used in the determina- 
tion of mountain heights; also by engineers for eontouring, and 
rotighly ascertaining differencos of level in a hilly country, when 
running what are termed a trial lines’* as a preliminary to a closa 
survey for a new railway. For tbese purposes the face of the 
Instrument is graduated on both an inner and outer circle, the on© 
correspond ing to inches of mereury* and the other to so many 
feet of elevation, Taking 30 inches m zero, a readiog of 18 
inches would comspond to an elevation of somewhero about 
14,000 feet For strictly scientific purposes the Aneroid, as 
already stated, is inferior to the mereurial barometer, 

As the delieate mechanical parts of the Aneroid are liable to 
sufler froin rust, wear and tear> and other causes, it should, as a 
preenution* bc occasionaUy coinpared with a Standard mereurial 
barometer, 

It is just as well that seamen should know that the Aneroid 
can at any time be easily adjusted to a higher or lower rcading 
by a deep-set screw at the back, By mrefally turning this «crew 
to the right or leffc with a bradawl, the pointer can be moved in 
the required direetion, Before setting a comjitnmted Aneroid by 
& Standard mereurial barometer* the rcading of tho latter should 
be corrected for temperature by the tables for this purpose,* 
Parties ordering barometers from opticians may direct thero to 
be forwarded to Kew Observatory, London, for verification, The 
scale of charges is very moderate, 

Thetc is a small pampblet entitled ,f The Aneroid Barometer: 


* Table II., 152, Adm. Mm, Scteotißo Eo^ulry. Tho oompwTion «bouid hm 
mail* witb lb« Aneroid in Iw» poeitiofMi, tmm f& tfaa upritfbt po*itioij, or *§ U wrm 14 hm 
»W «up^wifded ; nnd lh* other nn ita fUt. m it woald b* whmn lying nn * uUe. !s 
»wl; *T#ry in*Uno« tkn is * diÄ«r*nw. 


■ 
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how to buy and how to use ifc.” By a Fellow of the Meteoro- DeseriptiYe 
logic&l Society. It can be procured, post free, for six stamps, ® 

from any bookseller, and will be found to contain a full descrip- 
üon of this elegant little instrumeni 
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CHAFTER XV. 

" WEATHEROLOG Y , 11 

Although of late years Meteorology as a acience has received 
much attention, the results, so far as the navigator is concerned, 
are of an almost eutirely negative character, and of littie practical 
vnlua To thb broad assertion, the wind and current charts, com- 
piled frorn the logs of vessels supplied with special instrumenta, 
are the principal, if not the only exceptiom 

The higheat autliorities concur in adrnitting, that even with iho 
ad van tage of many cotnbmed simultaneous observations at Station» 
some distnnce apart, such as cnn be obtained on iand by a special 
and regul arly organized Service, it b iinpossible at present to 
foretell with eertainfy, for even three days in advance, the precbe 
character of the coming weather. Therefore, as might be ex- 
pected, the results of the etorm prophecies telegraphed us frorn 
the other side of the Atlantic are far frorn satbfactory; since, 
independent of the vaguely wide area embraced, and the impossl- 
bility of identifying any particular gale which might be feit off 
the “ British, French, or Norwegian coasts,” as the one despatched 
from American waters, the recorded statbtics of the past three 
years show more failures than euecesses Neverthelcss, one aui- 
not but believe that as time goes on and knowlcdge iucreases, our 
American friends niay be enabled with more certainty to fore- 
warn um of the un welcome vbitors they are powerless to restrain.* 

* Oomraracinii with the put yemr (18S2) And undtr the dlrectorahip of the Chief 
Ofltcer uf the Ulli teil Stutea A rmy, Active Step« hiffl b»a Uk^D to »ocon the co« 
operativ of «hipuuuten all over the globe in a gr*nd «eherne of LntornAtiuQAl SimuJ- 
t*aeom Meteorologie*! 0bwrr*tiün*. The Meteorologie*! Council of London, who 
h*v<j loog 1*hoti»d in thi« tield, are now Asking for Bp&cüd obaervalioua hi the North 
Atl*üt)6 Occaq, to vitend over a period of one yeu, By thi« it ix faoprd to c^nnoot 
the we Äther of the Biilhli Iitoi and Lhe North American Conti neu t with that io the 
Alhntic in euch a nianner a* will en&Hx a beiter j»4gtiixiit to be fortned of thrir 
dioIuaI relatioüihip, and so in time hed Io i more reJUble iy»Un of jiredkUca. 
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If, then, conoerted action avails so little, what chance has an 
isolaied individual, such as the commander of a ship, who has 
nothing to guide him but his own local observations, of satisfying 
himself as to the weather he may expect for even a single coming 
day ? 

Where is the sailor who has not been urged to prepare for dirty 
weather by the warning of an unusually low glass, to find that Barometrlcal 
the disturbance has passed away wide of his position ? Let him paradox*«, 
not, however, regret his trouble, but console himself with the wise 
“saw” that "it is better to be sure than sorry,” and with the 
knowledge that, though his guide has now deceived him, on the 
next occasion its monition may be more than justified. 

On the other hand, he should bear in mind the fact, that stiff 
gales sometimes blow with quite a high barometer. This is com¬ 
mon enough in the English Channel with the wind at N.E, but it 
also h&ppens with strong blows from other quarters. For example, 
though the writer, on the last day of January, 1880, whiLst on a 
passage from Philadelphia to Liverpool, experienced a fresh gale 
from the Southward, with a heavy sea; yet, during the worst of 
it, the glass never feil below 30* 20, and the sun shone brilliantly, 
with scarcely a cloud in the heavens. On the previous day, with 
moderate wind at S.R by E, it ranged as high as 30"*50. 

Many people will doubtlass remember the anti-cyclone which, inatanoe of 
in January of 1882, persistently hung over the British Islands 
for several days, and excited wonder by the high reading of the 
barometer, which reached 30"‘80. The writer was then returning 
home from the United States, and the following, taken from the 
log, shews that the region of unusual pressure extended a long 
way to the westward. 

"Noon, Tuesday, January 17th. Lat 47° 40' N., and Long. 

26° 53' W. Wind S. W. (true),~ moderate breeze; light clouds; 
sun dimly visible at intervals. Barom. 30* 42, Thermom. in open 
air (shade) 54°. 

• Noon, Wednesday, January 18th. Lat. 49° 19' N., and Long. 

19° 52' W. Wind S. by W. (true), light to moderate breeze. Sun 
.shining brightly. Hazy on horizon. Barom. 30"*70, Thermom. 

53*. 

“At 9 p.m. Barom. attained its highest reading, viz.:—30" 80. 

“Noon, Thursday, January 19th. Lat 50° 46' N., and Long. 

12 ° 17' W. Wind S.E by S. i S (true), light Sun shewing 
occasionally through breaks. Horizon very clear and well 
defined. Barom. 30"75, Thermom. 47° in open air (shade).” 
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The point of botb exaraples lies in the high glass and eoutherly 
wind, which latter, in the first one quoted, actually reached the 
force of a fresh gale. 

All this would appear an enigma did we not know, as will 
presently be explained, timt gales depend not so much npon the 
absolute height of the glase, as upon the difference bet wem two 
rcadmgs at places some little distance apart 

If, over a given area, the glass he ztniformty high t or xmiformlg 
low, there will be but little wind; but when the barometric incline 
betwecn placcs of relatively high and low pressure is abrupt, the 
Winds will be violent 

To the sailor, however, who is not behind the scenes, and ean- 
not be in telegraphie commumcation with other places for com« 
parison of barometers, and bas, tnoroover, bis own observatious 
viüated to a considerable degree by bis vessel’a onward progresa* 
this knowledge is practically wortbless. 

What be dcsires is to be enabled to augur from the study of 
bis own Instrument what is likely to take place arouüd bim, and, 
unfortunately, it is but seldom that this is possible to any aote- 
worthy extent 

Thcre are, however, certain indications which, wben they oceur* 
roay be regarded as pretty reliable, and are in consequencc worthy 
of being logged in red ink, 

For example, a rising barometer with a southerly wind presages 
fair weather, whilst a falling barometer with a northerly wind 
conveys a warning which cannot be disregarded with impuni ty, 
To make this applicable to either hemisphere, it would be as well, 
perhaps, to Substitute the words Equatorial for Southerly, and 
Polar for Northerly. 

Another rule of equal importance lxas refcrence to the effect of 
a ship s tack on the barometer. The cause will be evident, n& 
explained hereafter; for the present it is sufficient to state the 
fact 

In the Northern hemisphere, with all winda, exeept wheu uear 
the equator, the starboard tack takes a ship towards a higher 
barometer, whilst the port tack takes her towards a lower ooa 
It followa, that in every casc a rising barometer on the port tack U 
a ml nabte indication of improving weather, wkik on the starboard 
tack , a falling barometer ü a great warning * This Order is reversed 
in the Southern hemisphem 

The cases just quoted, witli one or two minor ones which will 
appar by and by ( are the exceptions which prove the rule, that— 
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opposed though it may seem to older teaching—the barometer, Value of 
ander most circumstances, when taken singly and unsupported by Barometer 
other indications, can no longer be regarded as an infallible weatlicr u an 
Oracle. Instrument of 

Its wamings are uncertain, and, more often than not, its move- 
ments are only contemporaneous with the commencement of the 
disturbance they $re supposed to herald, as frietion in the tube 
and inertia must first be overcome before the altered pressure of 
the air can put the' mercury in motion. 

Nevertheless there are special instances, and most of us will 
reinember them, when—other indications being wanting—its silent 
fall has revealed an impending danger. We must therefore by no 
means casfc off our old friend, or too hastily underrate its value. 

By English fishermen an echo at sea is considered a sign of 
eoming easterly wind, and it is generally thought that much 
phosphorescence of the water, or a vivid display of the Aurora, is 
the prelude to a southerly gale in our own latitudes; whilst 
lightning in the N.W. never fails, in the North Atlantic, to be 
followed by a heavy gale from same quarter. 

In making delicate observations, it should be known by all, B&rometrloal 
that the mercury is subject (quite apart from the weather) to Ude# * 
regulär daily tidal influences. At between 9 and 10 a.m. and p.m. 
it is, so to speak, high water. Then commences the ebb, which 
laste until between 3 and 4 A.M. and p.m. respectively. The mean 
ränge in tropica! regions is about the tenth of an inch, but as the 
latitude increases, the tidal ränge diminishes, until finally it almost 
vanishes at the pol es. 

In our own part of the world this phenomenon is often un- 
noticed, owing to its lesser degree, and its being frequently masked 
by accompanying and stronger atmospheric changea Not so 
’nearer the equator, where the greater tidal ränge, the more 
equable character of the weather, and the ordinary barometric 
fiuctuations being both unfrequent and small in amount, render 
it easily apparent 

The practical lesson to be learned from this noteworthy pecu- 
liarity is, that to some extent changes in the barometer are of 
inereased or diminished significance, in accordance as they disagree, 
or agree, with the regulär tidal rise and fall. Thus, if the 
mercury drop steadily between the hours of 3 and 9, when ac- 
cording to the above law it should be rising, the indication is 
of more importance than if occurring between 9 and 3, the period 
of tidal ebb. 
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16S DOCTORS DIFFER. 

* 

So far this singulär phenomenon of bnrometric tides bas pnzzled 
physicists, and though many hypotheses have been sdv&nced» 
none of tbera seem capable of affording an entirely sattefactory 
solution. 

It must be remembered that though, as before ohscrved, con- 
siderabl© baroraetric changes are unfrorjuent near the equator, 
when they de occur they are of proportionately greater signi- 
ficance, In low latitudes, a sitddcn fall of any mogmtude is 
invariably followed by a bard blow, which, bowever, is mostly 
of a transifcory character; bearing out the familiär adage," Long 
foretold, long last; short notice, soon past ” 

Now as to Storms thcmselves. We cannot but feel that to a 
great extent their origin, natura, shape, and movements, are ms 
yet pureiy matters of speculation, So rauch that is eontradictory 
is daily appearing, and such various plausible tbeories are being 
propounded, that it is mast difficult to arme at any safe and 
practical condusion. 

The older writers, such m Clipper, Piddington, Thom, Rodfield* 
and Heid, believed in the pureiy circular character of thosa 
terrible convolsions of naturo, which, according to location, ar© 
variously denominated Hurricmies* Cyclones, or Typhoons; while, 
on the other hand, the bulk of modern authorities seem in favour 
of a spiratly incurving movement m the probable bohaviour of 
the wind at such timea In the former caso, when faeing tho 
wind, the eentre of the storm would be at right angles to its 
direction: in the latter, between about 10 and 11 points from 
it 

Mr. Meidrum, Director of the Government Observatory at 
Mauritius, (the very stronghold of tempests), referring to cyclonea 
of the Southern Indian öcean* is of opinion 41 that RE, and 
Easterly wind» often, if not always, blow towards the Centre of 
the storrn, and not at right angles to it n If we assume this to 
he the case, a vessel in that region having the wind between 
north and east should tnake as rnuch e&sting as posaible. 

Gaptaiu J in inan, who bas apparenÜy devoted mucl i time to 
this subject, is the author of a small book entitled " Winds and 
their Courses t r? in whieh he seeks to prove that gales blow in 
arcs of circle» intersecting each other at two points, which ha 
narnes r * Contiuencea" 

There would seem to be some truth in bis ingemous theory, 
but it does not appear to have found favour with nieteorologists. 
as öue seldom or never hears it quoted by scientific men SiW- 
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theless the book, from its originality, is worth reading, if only 
to open np a new train of thoughi 

Espy considers that, in storms, the wind blows from all qnarters Espy'stlieory 
•like towards a common centre, and attributes this centripetal 
motion to the snpposed upward rushing of the air in the vortex. 

It is well known that on the outer verge of cyclones the glass 
Stands abnormally high, shewing great atmospheric pressure, and 
that its readings are lowest in the focus or vortex, where, accord- 
ingly, the pressure is least; thus favouring the w in-blowing” 
theory, as it seems natural that the outer heavily pressed air 
shoold rnsh into the comparative vacuum at the centre. 

This very feasible idea is, however, if not entirely demolished, 
at least very materially weakened by an atmospheric law dis- 
covered by Professor Buys Ballot, of Utrecht. It may be thus Boys Ballot*« 
enunciated.— 

The wind will be nearly at right angles to an imaginary line 
joining two stations, having respectively a high and a low baro- 
meter. In the Northern hemisphere, the low barometer will be 
on the left, and the high barometer on the right of the wind’s 
course, and the current of air will have enhanced velocity in 
proportion as the difference of the barometer readings is greater. 

Thus, if a low glass exists in the north of Scotland, and a high 
one in the south of England, the wind will certainly be westerly; 
its strength depending upon the steepness of the barometric gra- 
dient connecting the two localities. 

This law, even for light winds, is now established beyond all 
controversy, so far, at least, as moderately high latitudes are 
eoncerned, and from it follows, according to Strachan,— 

“ That in the Northern Temperate Zone the winds will circulate jmxuMoh 
aronnd an area of low atmospherical pressure in the reverse 
direction to the movement of the hands of a watch, and that the 
air will flow away from a region of high pressure, and cause an 
apparent circulation of winds around it in the direction of watch 
hands.” 

In the Southern hemisphere, of course, this Order is reversed. 

It becomes a question, then, what happens in the neutral vicinity 
of the equator, where the two hemispheres meet, and the laws 
pertaining to each would clash, if not gradually modified. In 
answer to this, Toynbee, in the Barometer Manual , says :— 

“ It seems probable that, with your back to the wind, the lowest Toynbeo on 
pressure faces you. At any rate, most seamen know that in the SSSSiSon 
equatorial doldrums there is a comparatively low barometer, and of prownro. 
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that as they are approached the respective trades draw mon 
directly from North and South.” , 

It seems now necessary to refer, in passing, to a phase of thi 
subject of immense importance to the navigator, and with whidi 
he should be fully conversani 

Permanent In various parts of the world there are certain permanent areal 
uü?iow ***** high and low pressure, which seem to exercise a stupendoul 
pressur«. influence on the general atmospheric circulation. 

The best known of these at present will be found marked am 
the accompanying chartlets issued by the Meteorological Office* 
and it will be noticed with interest that the direction of tht 
winds, as shewn by the arrows, conforms to the above law. 

In addition to the permanent ones, there are certain other areafl 
which vary with the season of the year. ( 

The most marked of these extends over Central Asia, and| 
appears to cause the N.E. and S.W. monsoons of India. : 

To return to storms—may it not be, that in the intensil^ 
phenomena known as cyclones, the direction of the wind is conwj 
pounded of the rotatory motion, as indicated by Ballot’s law, and 
the indraught or centripetai theory propounded by Espy ? Such 
a resultant of forces would agree with the spirally incurving move^ 
ment already referred to as the probable behaviour of the wind, j 
ofProfwMOT 7 ^ ore rece ntly, Professor Blasius, of Philadelphia, author aff 
Blasius. “Storms: their Nature, Classification, and Laws,” has taken an' 
entirely new stand-point on this subject. He traces the immediate 
origin of gales wholly to conflicting polar and equatorial atmo¬ 
spheric currents of markedly different temperatures, whose field of 
contact he terms “the plane of meeting,” as opposed to the expres- 
sion “ barometric gradient,” in vogue with other meteorologists. 

He confines the purely circular or whirling movement of the 
wind strictly to the violent local storms known as “Tornadoes;” 
and considers, “with regard to • meteorological instruments, that 
the Thermometer, measuring a primary effect, is, with the Hygro¬ 
meter, at least as important as the Barometer.” 

Of much more moment than any (and this view seems gaining 

obsttrvaiäaL d S 101111 ^ amon g our own scientists), he looks upon cloud observation 
as useful in affording information of approaching bad weather. 
Upon this point he lays great stress, and supports it with instances 
in which the notice thus conveyed was 24 hours in advance of 
that given by the Barometer. 

The Classification of storms, and the cloud formations supposed 
to be typical of each, as given by Blasius, are quoted at length 
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below. Without pronouncing absolute! y at present, either for or 

against their correctness, the writer considers them well worthy 
of attention.* He must, however, altogether dissent from this 
valuation of the Barometer, as compared with the Thermometer 
and Hygrometer, amounting, as it does, to an almost complete 
setting aside of the former instrument. By most observers the inferlority of. 
latter instruments are considered very inferior as weather 
dicters, owing to the impossibility of obtaining the conditions as weather 
necess&ry for accurate Observation. In the case of the Barometer, pre<Ucteni * 
these conditions are either immaterial or easily allowed for. 

Whilst alluding to Nature’s own indications of change, it seems 
an opportune moment to put before the sailor the time-honoured Fitzroy’s 
rules of the late Admiral Fitzroy, which, so far as they go, are rul ® # * 
intrinsically good. They will well repay the trouble of committing 
them to memory, but it must not be forgotten that many of them 
have only local signiticance.^" 

• “ 1.—Local or Vebtical Stobms. 

Stationary. CentnpetaL Produced by a tendency of the atmosphere to re- 
est&blish in a vertical direction an equilibrinm that haa been disturbed, 

Characteristic cloud — Cumulus. 

2. —Progressive or Lateral Stobms. 

Travelling. Produced by a tendency of the atmosphere to re-establish in a 
lateral direction an equilibrium that has been disturbed. Ihey are of two 
kinds:— 

(а) —Eqüatorial or North-East Stöbms. 

Winter Storms. Produced by a warm current displacing a cool one, to supply 
a deficiency towards the poles. Temperatu re changing from cool to warm. 

Direction to the north-eastern quadrant. Characteristic cloud — Stratus. 

(б) —Polar or South-East and South-West Stobms. 

Summer Storms. Produced by a cool current displacing a warm one, to supply 
a deficiency towards the equator. Temperature changing from warm to cooL 
Direction to the Southern semicircle. Characteristic cloud — Cumulo-Stratus. 

3. —Loco-Prooressive or Diagonal Storms. 

Travelling locally. Rotatory (tornadoes, hailstorms, sandstorras, waterspouts, 
kc.) Produced by a tendency of the atmosphere to re-establish the equili¬ 
brinm of a polar Storni, which has been disturbed in the plane of meeting by 
a peculiar configuration of the ground. Direction, the diagonal of the forces 
of the two opposing currents transversely through the polar storm. Charao 
Uristic doud— CONUS.” 

Nom—The word Conus is applied by Professor Blasius to distinguish the tornado. 
cloud, which, from its form (an inverted cone), he thinks makes the appellation a suitable 
one. The direction by compass applies to the Northern hemisphere. 

“ Whether clear or doudy—a rosy sky at snnset presages fine weather : a sickly, 
greeniah hue, wind and rain: tawny or coppery clouds, wind: a dark (or Indian) 
red, rain: a red sky in the moraing, bad weather, or muoh wind (perhaps also rain): 
a grey sky in the moraing, fine weather: a high dawn, wind : a low dawn, fair 
weather. A ‘ high dawn * is when the first indications of daylight are seen above a 
bank of clouds. A * low dawn ’ is when the day breaks on or near the horison, the 
first streeks of light being very low down. 




ADMIRAL FITZROTS RULES. 


Among such conflicting opinions regarding storms, surely thr; 
sailor is likely to become bewildered In the writer's experienc* 
the storms themselves are as various in character as the opinio: 
about them. He has seen at times so much in favour of 


** Soft-looking or delicate clouds foreteU fine weather, with moderate or 
breeses : hard edged oily-looking clouds,—wind. A dark, gloomy blae sky i a 
bat a light, bright blae sky indicates fine weather. Generally, the »öfter donda 
the leea wind (bat perhaps more rain) may be expected; and the harder, 

* greasy , 9 rolled, tnfted, or ragged,—the stronger the coming wind will prove. 
a bright yellow sky at lunset presages wind : a pale yellow, wet: orange or 
coloured, wind and rain—and thns by the prevalence of red, yellow, green, grey, 
other tints, the coming weather may be foretold very nearly—indeed, if aided 
instrumenta, almoet exaotly. 

4 * Light, delicate, qniet tints or colours, with soft, indefinite forme of clouda, 
dicate and aocompany fine weather : bat gaudy or onusual hues, with hard, de 
oatlined cloads, foretell rain, and probably strong wind, 

44 Small inky-looking clouds foretell rain :—light send cloads, driving aeroaa hea 
masses, show wind and rain ; bat if alone, may indicate wind only—proportionale 
their motion. 

44 High upper cloads Crossing the san, moon, or stars, in a direction different 
that of the lower cloads, or the wind then feit below, foreteU a change of 
toward their direction. Between the tropics, or in the regions of the Trade Wind^ 
there is genendly an apper and counter current of air, with very light clouds^ whkfc 
is not an indication of any approaching change. In middle latitudea auch 
Current« are not so frequent (or evident ?) except before a change of weather. 

14 After fine clear weather, the first signs, in a sky, of a coming change, are 
light streaks, curla, wisps, or mottled pätches of white distant cloud, which increaas 
and are followed by an overcasting of murky vapour that grows into cloudineas. 
This appearance, more or less oily, or watery, as wind or rain will prevail, is am 
infallible sign. 

44 Usually the higher and more distant such clouds seem to be,—the more gradual, 
but general, the coming change of weather will prove. 

44 Misty clouds forming, or hanging on heights, show wind and rain coming—if 
they remain, increase or descend. If they rise or disperse, the weather wül improve, 
or become fine. 

41 When sea birds fly out early, and far to seaward, moderate wind and fair weather 
may be expected. When they hang about the land, or over it, sometimes flying 
inland, strong winds with stormy weather are probable. As, besides birds, many 
creatures are affected by the approach of rain or wind, their indications should not be 
slighted by an observer who wishes to foresee changes. 

44 Dew is an indication of coming fine weather. Its fonnation never bejin» ander 
an overcast sky, or when there is much wind. 

44 Kemarkable clearness of atmosphere, especially near the horizon ; distant objecto, 
such as hills, unusually visible, or well defined ; or raised (by refraction) ; and what 
is called 4 a good Hearing day,’ may be mentioned among signs of wet, if not wind, to 
be expected in a short time. Much refraction is a sign of easterly wind. 

44 More than usual twinkling or apparent size of the stars ; indistinetness or 
apparent multiplication of the moon’s horns ; haloes; 4 wind-dogs,’—and the rainbow; 
are more or less significant of increasing wind, if not approaching rain, with or with- 
out wind.” 
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strictly circular theory, that he is led to believe that, in some 

instances, it may be justifiable. In others, anomalies have pre- 

sented themselves which, from the impossibility of reconciling 

them with the law, have rendered it entirely untenable. There LawofStorni* 

remains, also, the general objection to it, that if one and the samt 

air current wert moving in a circle, it would he dißcult to eorplain 

the rapid thermal changes which certainly take place with the veering 

of the wind, as the dorm passee over us. If we could only know 

what was going on in the higher regions of the atmosphere, 

simultaneously with existing surface conditions, out of apparent 

cbaos might come some sort of order; this however, is a difficulty 

which seems insuperable. 

The writer is disposed to think that each kind of storm is 
govemed by laws only applicable to itself, and it is possible that 
some of them may be of one type at their commencement, and 
develop into another before the finish, or even be of a compound 
character throughoui It is known beyond cavil' that land even 
of moderate height has not only a marked tendency to divert 
storms from their course, but also to change their very form. 

Again, one or more secondary disturbances sometimes hang about 
on the skirts of the larger ones: these may come into collision, 
and confusion reign supreme until the one will have merged into 
the other, the less being absorbed by the greater. 

All this would point to great complexity not easily unravelled 
by the sailor, so completely cut off as he is from all outside help. 

In the case of actual cyclones, whether they be of a spiral, oval, 
or strictly circular kind, some of the old rules laid down for the 
guidance of seamen will, in the absence of better ones, still apply. 

It is just as well, therefore, to remember them. 

Heave-to on the starboard tack in the Right-hand semicircle, how to 
and port-tack in the Left-hand semicircle, in hoth hemispheres. ** 

Carby-on on starboard tack in Northern, and port-tack in ^ 
Southern hemisphere. 

Scod when on line of progression in either hemisphere; or in 
Left-hand semicircle in Northern, or Right-hand semicircle in 
Southern hemisphere. 

It will of course be understood that, looking towards the 
direction in which the body of the storm is moving, the Right 
and Left-hand semicircles lie respectively on the right and left- 
hand of the axis line. 

In his intercourse with brother seamen, the writer has often 
heard it contended that the rule saying that if the wind veers to 
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the right, the observer h in the Right-hand semidrcle, and iice 
t rersd, is not to be depended on, ns in their experience they had 
sometimes found the very opposite to be the case, which, of course* 
shook their faith on other points as well The rule, however, is 
perfect ly sound, but ü is only intended to be used by a vessel (hat 
is stathnary. 

If the realer will imagine hisship to be over-running a slow 
tnovmg circular stör in, which is travelimg on the tarne course as 
himselft he cannot fall to see, with the aid of Piddington's Horn 
Card, or a tracing-paper substitute for it, that when passing 
through either semicircle, the wind will veer the contrary way to 
the rule, as it is usually interpreted. 

On first falling in with a supposed eyclone, a fair surmise may 
be made as to the direction in which it is moving, since it ia 
known that these disturbances favour a particular course in cach 
locality, which course is now pretty well mapped out for the 
varioua parta of the world \ nevertheleas, under all circumstances 
(and bearing in mind the liability to mistake referred to above* 
and the poasibility of unexpectod rc-curvature), it will be prudent 
to heave-to until the ships position with respect to its path is 
well oscertained, *10 cyclonea of both hemisphcres, the west wind 
on their äquatorial sides iseasily dealt with, for they seldom tuove 
on a track towards the equator j so the ship may teko that routo 
nntil the barometer rises, and the weather improvea'* 

Remember, whatever may be said to the contrary, that from the 
varying area of storms, and the difference of barometric gradienU 
which must therefore exist between their centres and outeredges, 
ü ü quite imposdbh to esthnate the distance of the vortcx by the 
height of the mercury . 

Further, reference to the storm diagrams in the English daily 
papers will ehow tlrat the grsdients are not uniform on all sides of 
an area of de press ion, and that the latter ft not nccessarily circular 
in shape. In soine parts the linea of equal pressure (Isohars) run 
together much closer than at others, and this is probahly the case 
with tropical cyclones also, 

This much, however, is certain—if the barometer riso while the 
wind diminishes, the nieteor is passing away; but if it continue to 
fall, and the wind and sea to increase, the meteor is approaching, 
or the depression is deepening and spreading, " He who watches 


• JfcmiiaJ, 1171, 






THE M002TS IN FLU EN CE. 


175 


bis barometer, watches his ship,” is therefore more than usually 
applicable. 

Having ascertained, beyond doubt, which semicircle you are in, 
wait no langer , bnt carry on sail on the starboard tack if in the Tackon which 
Northern hemisphere, or port tack if in the Southern hemisphere; ***" 

and when unable to do so through loss of spars or canvas, heave- 
to on the starboard tack if in the Right-hand semicircle, or the 
port tack if in the Left-hand semicircle. By so doing, instead of 
being continually headed off as the wind veers, you will come up 
and bow the sea. 

Again, whilst first hove-to waiting for tliings to develop them- 
selves, should the barometer fall rapidly, and the indications of an 
approaching hurricane become stronger, whilst the wind continues 
to blow steadily, but with increasing violence, from the same 
pointj or nearly so, you will know that your vessel is directly in 
the path of the advancing storm. Then, to escape being involved 
in the centre and most dangerous part, up heim and scud before 
the wind, keeping it, at all hazards , a couple of points or three on 
the starboard quarter in the Northern hemisphere , or on the port 
quarter in the Southern hemisphere. 

This chapter would manifestly be incomplete without some 
reference to the Moon as a factor in meteorological matters. It ^°J )n i Är 
is pretty generally believed by sailors, and farmers, that it ooncerning 
exerdses some sort of mysterious influence at the Full, Change, JJSSaoe on 
and Quarters, and is in fact prime agent in everything that con- weather. 
eerns the weather. Patient and laborious research, extending 
back over half a Century, has completely failed to establish such 
connection. "As an attracting body causing an serial tide, it has 
of course an effect, but one utterly insignificant as a mereorological 
cause.'** It is, however, pretty generally admitted that the moon, 
when near the full, has a tendency to clear the sky of clouds, or, 
as the sailor phrases it, to “skoff” them up. 

We are all involuntarily much more strongly impressed by the 
fulfilment than by the failure of our expectations: so it is that 
the sailor seizes upon an occasional coincidence of this sort, and 
points triumphantly to it as a proof of the correctness of his 
theory, whilst he omits to record the many instances in which the 
weather provokingly failed to behave in the manner he anticipated. 

To all but hypercritical folk of the type of Herschel or Arago 
the evidence that connects the Moon with weather changes is 
irresistible: old Jobson the carrier finds no difficulty about it at 

* Sir John F. W. Herschel, Bart. Oood Word* , 1864. 
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all, not do any of his cronics. Their anctent system may be 
fiouted by the learned, but they have faith in it, for has it not 
been handed down from generation to generation ? It is quite 
plain, as the Company at " The Jolly Traveller " have remarked 
over and over again, thnt when the crescent moon is on her back 
it is going to be dry, but that when the hollow part is downwards, 
it will rain, M Plain m turning up this here pot,' 1 says old Jobson, 
who has just finished his plöt, and leta the few last drops fall to 
the grountL 

The stars, too, speak with 110 uncertain voioe to this dass of 
weather prophet; if they are clear it is a sign of rain; if they 
are “ misty n it will be wct; if they are clouded the rain is pretty 
sure to coine before long. And curiously enough, down comes 
the rain, often in less than a week* Who has not met the man 
with a particukr corn which is harometcr and thermometer in 
one, or a faith ful knee-joint which has twinges whenever the 
forces of the air gather themselves for storms ? 

Some rustic weather prophets are very amusing; a&k one 
whether it will be a fine day to-inorrow, and he will look in bis 
mug, slowly shake Irisliquor round, take his pipe from his moutti, 
and say oracularly, “ Weather tm% what it used to be." By 
pressure you get a promise of a fine day, “ if the wind doirit drop, M 
accompanied by another saving clause that " he don't half like 
them yalter clouds/* He, and two or three other old fellows, who 
have been shepherds, or have beeil to sea, bear the bürden of the 
public weather upon their ahouldcrs, for they are eonsulted by 
almost everyone they meet as to *' what they think of it to-day," 
and, having reputations to uphold, must be oftentimes much dis* 
concerted by the unstable conduet of the elements. But your 
weather prophet generally, like the oracle-worker of old, under- 
etandMie protectiv« possibiliti^ of languagc, and avaifc himself 
oft!,,,, 

When oue considers that the Moon quarters weekly, it would 
iiideed be ^curious if a change of some kiud or another did not 
occur wiihm a day or so (either way) of that event And as, in 
this viiriao^eliinate, “spells 1 * of weather scldom last moto than 
four or five days, it does not require a very lively Imagination to 
counect them with the constantly recurring pha&ea of the moon. 
He must therefore beun iH-informed, obstinate, or very credulous 
fellow who, in the face of the positive dictum of Science, contiuuea 
to pin his faith to the played out fallacies and charlatauism of 
the old style almaaacks. 
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In reviewing the entire subject, it will be seen that notliing but 
the hope of better things in the future can save the sailor being 
dislieartened with such little practical result aftcr so many years 
of investigation. He has, however, always been famed for the 
faculty (possessed by so few) of doing the best with but indifferent 
means; and it still remains for him to go to sea almost entircly 
dependent on his own watchfulness and judgment 




CHAPTER XVL 

TIDES, CURRENTS, WAVES, AND BREAKERa 

To enter into a disquisition on the complete theory of the tides, 
would in these pages be both unprofitable and impracticable; for 
apart from its extent and intricate character, as well as the inti- 
iwutiQctttar knowledge required of higher mathematics, “ there are 

perhaps few physical subjects which are still at the present time 
on the whole more unsatisfactory.”* 

Any seaman, therefore, who is desirous of making a special 
study of the tidal theory, must refer to the various works by 
distinguished men in which this comprehensive subject is treated 
ofc great length. These will be found mentioned in the Admvralty 
Manual , in the section devoted to Tides. 

The article containing the latest and most complete information 
is probably that by Sir George Airy (late Astronomer-Royal), in 
the Encydopcedia Metropolitana , and another by Mr. G. H. Dar¬ 
win, in the Proceedings of the Royal Society. 

But it is here proposed, after giving a brief sketch of the 
general laws and features, to draw the seaman’s attention to cer- 
tain points which will have a practical interest for Lim, inasmuch 
as, upon an understanding of some of them at least, the safe navi- 
gation of his ship will depend, 

To a right appreciation of the subject one must begin at the 
begiuning, and, therefore, a few words about the properties of 
water, and the nature and origin of waves, are indispensable to 
lead off with. 

There are four descriptions of sea waves, namely, ‘ Wind waves,” 
w Storni waves,” “ Earthquake waves,” and " Tidal waves.” 


Admiraity Manual of Scicnt\fc Enquiry, pftg« 79. 
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Though it has been proved that water is capable of being com- Properties of 
pressed, it is the case to such a very limited extent, that for our ****** 
present purpose the property may be disregarded A forced dis- 
placement, therefore, at one point of a liquid surface, is always 
exactly counterbalanced by a corresponding rise at another. Cou- 
versely, a rise at any place can only be effected by a proportionate 
withdrawal of water elsewhere. This being understood, it is not 
difficult to see that the first-named kind of wave is produced by 
a purely mechanical action. The wind does not blow exactly wlaÄ 
parallel to the surface, but strikes down ward, and causes a depres- 
sion at the point of impact, which is instantly answered by an 
equal elevation elsewhere. This elevation or wave — slight at 
first—must necessarily liave the same height above the general 
sea-level or plane of repose that the depression or trough had 
below it 

As the wind increases in strength and duration, these undula- 
tions of the water grow larger, and eventually form immense 
billows, which have been recorded as sixty feet in height from 
trough to crest 

W. H. White, in his Manual of Naval Architecture, says:—“ If Formation of 
the wind is at first supposed to act on a srnooth sea, and then to wlnd wave * 
continue to blow with steady force and in one direction, it will 
create waves which finally will attain certain definite dimensions. 

The phases of change from the smooth sea to the fully formed 
waves cannot be distinctly traced. It is, however, probable that 
changes of level, elevations and depressions, resulting from the 
impact of the wind on the smooth surface of the sea, and the 
frictional resistance of the wind on the water, are the chief causes 
of the growth of waves. 

“An elevation and its corresponding depression once formed 
offer direct resistance to the action of the wind, and its unbalanced 
pressure producing motion in the heaped-up water would ulti- 
mately lead to the creation of larger and larger wavea This is 
probably the chief cause of wave growth, frictional resistance 
playing a very subordinate part as compared with it So long as 
the speed of the wind relatively to that of the wave water is 
capable of accelerating its motion, so long may we expect the 
speed of the wave to increase; and with the speed the length, and 
also the height 

“ Finally the waves reach such a speed that the wind force pro- 
duees no further acceleration, and only just maintains the form 
unchanged; then we have the fully gruwn waves. If the wind 
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were now stiddenly withdrawn, the waves would gr&dually de- 
crease in magnitude, and fhially die out, This degrodation rcsults 
from the resistance due to the moleculnr forces in the wäre— 
viscosity of the water, &a—and when the waves are fully growo, 
the wind must at every instant halance the molecular forees. 

M If the water were a perfect fluid (the p&rtides moving frindy 
past one another), and if there were no resistancc to motion on 
the pari of the air, the waves once forraed would travol onwards 
without degradation,** 

The height of wind-waves depends on wlrnt is called the 
A Fetchj* that is, the distancc from the weather »höre or place 
where their Formation commences, Aeoording to Mr. Thomas 
Stevenson (author of Light heuee Illumination), the following for- 
nmla is nearly correct during heavy gales, when the feteii is not 
less than about six nautieal indes:—height of wave in feet is equal 
to T5 x by the square root of the feteh in nauticai miles* As au 
esample, lot us supyose that during a violent gale the wave forma- 
tion eommenced at a distance of (S25 uiiles from the observer:— 
The sejuare root of 025 is 25, whieh, inultipHed by 15, gives 37| 
feet as the height of the waves at the and of their long jonruey» 

Every sailor has noticed the occasional grouping together of 
three or four huge waves larger than the general run. These aro 
probably caused by the exceptional force of the squalh which 
occur at intervals in nearly every gale of wind. From the in- 
cquality in their rcspectlve speeds, it follows that any particular 
set of large waves will not reach the veasel side by aide with the 
wind which produced them, Such a thing would be very nnlikely 
—one rnight ahnest say impossible; so that these big fcllows, 
deriving their energy only in part from the bla&fc sweeping over 
them at any given instant, comc rolling aluug, m often as not, 
during a lull in the violcnce of the galiv 

“Storm waves** aro due to an entirely different souree. On 
the outer or anticydone edge of humennes the barometcr Stands 
abnormal ly high, indicative of great atmospheric pressure; whiht 
at the ©eutre or vortex the mercury falls unusimfly low; and, 
aceordingly, there the pressure is least Betwcen the contra and 
outer edge a ditference of five inehes in the height of the mercury 
has beon recorded; equal to a differente of pressure of 354 {toundii 
on tho square foot of aurfacc at these two placca It will readily 
be aeen that the effect of this encircling beit of high pressure, and 
internal area of low pressure, eoupled with tho incurving of ttio 
wind, is to produee a heaping np of the water under the hody of 
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the cyclone, whose highest point is necessarily at the centre, 
where it is, so to speak, sucked up. 

As the hurricane travels bodily onward, this “ siorm wave ”— 
which, aecording to the shape of the disturbance, may be likened 
to an oval dish or a soup plate, bottom up—accompanies it; and 
has been known more than once to inundate low-lying districts, 
and cause thousands of human beings to perish at one sweep. 

“ Earthquake,” or “ Great Sea Waves,” as they are technically EartfcquAk» 
styled, differ entirely in their origin from the two preceding. tSuowJtreL 
They are frequently spoken of as “ Tidal Waves;” but as the 
tides have nothing whatever to do with them, such a designation 
is obviously wrong. 

The term "Great Sea Wave” is used in contradistinction to 
“ Great Earth Wave,” which latter is the name given to the dis¬ 
turbance experienced on land. 

An earthquake may have its centre of impulse either inland or 
under the bed of the ocean. In the first case, when the “ Great 
Earth Wave # ” or superficial undulation, coming from inland, 
reaches the shores of the sea (unless these be precipitous, with 
deep water) it may lift the water up, and carry it out on its 
back, as it were; for the rate of transit of the shock is sometimes 
so great that the heap of water lifted up has not time to flow 
away towards the sides. 

At Arica, in Peru, and other places, this sudden going out of 
the sea has made bare the bottom of the bay, and left ships 
aground which only a fiew minutes before were riding quietly at 
anchor in several fathoms of water. 

As soon as the shock is over, the body of water thus forced out 
to sea returns as a huge wave, and, on approaching a sloping 
shore, rears up like a wall, and breaks with overwhelming force. 

Sometimes, however, its volume, height, and velocity are so great 
that it comes ashore bodily , and breaks far inland, causing even 
greater destruction to life and property. 

When the seat of disturbance is beneath the ocean, the “ Great 
Sea Wave ” rushes in upon the land as before—with this difference, 
that it is not preceded by the water retiring from the foreshore, 
as in the first case. 

These submarine shocks are sometimes so severe, that the Cnrlcm* eflfect 
Sensation bas been conveyed to thosc afloat as if the ship were 
violently bumping over a sunken reef. In one instance which 
came under the writer’s observation, the inkstand on the captain’s 
tablc of one of the Pacific Company s coast steamers was jerked 
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upwards against the ceiling, where it left an unmistakeabte reeord 
of the occuiTence; and yet this vessel at the time was sfceaming 
along in smooth water, many bundreds of fathoms deep. The 
concussions were so smart that passengers were shaken off their 
seats, and, of course, thought that the vessel had run ashore. When 
the non-elastic nature of water is considered, therc will be nodiffi- 
culty in imderstanding how such an effect could be produced, 

Tidai tith. Lastly, wo coine to the purely vertical oscill&tions of water, 
known as "Tidai W&ves,” 

The distinctive difference betwcen these and " Wind Waves ” 
lies in the fact that the tast-inentioned are only mrface dis- 
turbances, which, however violent the gale, reach at no time to a 
greater depth than 50 fathoms, and are virtuaUy only local and 
temporary in their actlon. Whereas "Tide W&ves" are the result 
of an out title attraction, which continuomlr/ afftet* the whole via** 
of water on the tarilis zurface 

Tidec&nMd Tlie Tides are popularly attributed to the Moon on!y t but in 

attraeuon of P 0 ^! of fact they are c&used by theyomf attraction of both Sun 
■uamaamooa* and Moon; and it is due to this double influenee, which some- 
times pulls in the same and at other tim m in a contrary direction, 
that we have the ever-varying phases in the times and heights of 
High and Low Water* 

The general motion of the Tid.es consists in an alternato vertical 
Rise and Falt, and horizontal Flow and Ebb, occupying an average 
Dar&uon qf * period of half a Lunar day, or about 12 hours 25 imnutes. This 
“*• vertical movement is transmitted from place to place in the seas, 

like an ever-recurring series of very long and swift waves» 

"Tide w&ves” oceur simultaneously at points of the earth*s 
surface diametrically opposite to each other, and are termed 
L^arioi-Vde* Superior or Inferior, according &s they are formed on the aide 
next the Moon, or on the one opposite. It will be understood, 
therefore, timt there are two tide waves at a fixed dist&nce apart 
of 180°, me&sured both in latitude and longitude, and that they 
are const&ntly tr&velling round the earth from East to West 
Since, as alrcady expl&ined» water may be regarded as practieally 
devoid of elasticity, and cannot be raised at any point without 
being proportkmateJy lowered at some other, it follows that, 
midway between each of these waves of High Water, there «re 
depressious of the surface coiresponding to what we term Low 
Water. This is shewn in Diogrom» AW 1 and 2, where, how- 
ever, for convenience m mach as from uecessity, the matter of 
mrale is etitinely disTeg*rde*L 
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S is the Superior High Water, I the Inferior. L and U 
represent Low Water. As may be supposed, the Inferior Tide 
Wave is a shade smaller than the other. 

At the period of "Change” or New Moon, when it and the Sun 
are in Conjunction, that is to say, when they are on the same side 
of the earth, as shewn in Diagram No. 1,—and at the period of 
Full Moon, when they are said to be in Opposition, that is, with 
the earth between them. as shewn in Diagram No. 2,—the greatest 
tidal cirect is produced, as at such tiwes the solar and lunar in- 
fluences are exerted in the same straight line.* This is the period 


* Our satellite, the moon, is a dark globaler body, 2,159 miles in diamtter, which 
4hines solely by reflected light received from the sun ; consequently, at the period 
termed “ new moon/* when the Bon and moon pass the meridian together at mid-day, 
the moon is in visible to ns, as at such times ahe oocupies a position in the heavens 
directly between the earth and the Bun, and accordingly presents to ns her nnen- 
Bghtened face ; which ia still further hidden by the dazzling brightness of that particnlar 
part of the aky (viele Diagram So. 1). 

Bat when the moon is at the “ full, n ehe passes the meridian at midnight, or 
12 honra after the ann, which latter, being then on the oppoeite side of the earth, 
illaminea the whole of that hemisphere of the moon which is next to ns (vide Diagram 
No, 2). 

It is obvious that, in the intermediate b tag es, a greater or lesa amount of the 
fnoon’s illomined face mast be visible to as. 

A day or ao after new moon, when its bright portion ia crescent-shaped, it is 
not nnosnal in clear weather to aee the remainder or obscare part also. At 
mch times the brightly illuminated cosps or homs seem to extend beyond the 
darfcer portion of the diso, and hold it in their graap. Thia condition is oommonly 
allnded to as u the old moon with the yonng in its arms,” or “ the moon on its baclc.** 
The phenomenon of the bright part of the moon appearing to encircle the remainder 
ia dne to an optical illosion termed “ Irradiation,** in virtue of which, white objects, 
or thoae cf a very brilliant coloar, when aeen on a dark grnund, look larger than they 
really are. The new moon appearing after this fashion, ia asserted by aome to be the 
sttre forernnner of bad weather. A Statement ao positive in character ahoold have 
so mething to snpport it, bat, anfortanately for those who make it, it ia not at all 
jnstified by the known facta. For example, in many fa von red parts of the world, the 
condition of the atmosphere is mostly ahoays propitioua to seeing the yonng moon in 
the arms of the old; and aooordingly, in such localities, it posaeases no particular 
ngnification. On the other hand, in conntries given to a chronic state of mist and 
base, the phenomenon, from its rareneas, attracta more attention, and indicatea an 
tntnnal clearaeea in the air, which, according aa it is backed up by other signa, raay or 
may not herald the approach of rain or wind. From the roving d atu re of hia calling, 
the aaflor, more than other men, ahoold be on hia guard against the gtneral application 
of what are only intended aa local weather aigns. That which denotes one kind of 
weather in one place may aignify something totally different in another ; much in the 
aame way that in the northem hemisphere the barometer rises for northerly wincis, 
hot falls for the same wind in the Southern hemisphere. These remarka apply also to 
•ume of Admiral Fitsroy’a weather sign*, given on pagea 171 and 17 9 . Now, aa the 
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Spring udeB. of “ Springs f and should it occur when both luminnries Lappen 
to be at tbeir nearest approach io the earth, the effeet ia enbanced, 
and the term " Exfcraordinary Springs ” is then applied to the tides. 
In tlie satne m armer, the high tides which occur ahout the latter 
end of March and September are known as ,f Equinoctial Spriugs " 
Datum uns of With the exeeption of Liverpool, Milford, and Holyhead, and 
Admiral^ 0n perhaps one or two other ports, the soundings on Admiralty 
cnaru. charts and plans are all reduced fco mean hw water of Ordinarg 
Springs, 

Bufc when fche moon ia in quadrature, or 90* distani from the 
sun—that is to say, when one passes the meridian slx honrs ahcad 
of the other—their actinns neutralize each other to a large extent, 
by the tendency to produce four independent waves : two ander 
the sun, of course on opposite sides of the earth, and two mmU 
larly situated under the moon. In this case the action of the sun 
lowers the waters of the sea afc the same point where the nioon 
would raise Lheni, and conversely. Each pulls in a different 
direction to the other, and thna the tides at such tlmes are lass in 
Heip tides. every w T ay, and get the name of “Ncaps ” 

It must not he understood, however, that two separate or dis- 
tinct tide wavcs are then really traversing the ocean in each 
bemisphere. Such is not the case. The actual effeet is the same 
as if, after the moon bad given a form to the waters, the sun had 
modified it, both as to size and position; so that the place at 
which the remiltant high water real ly occurs is at a point inter- 
mediate to thern both, but nearcr to the lunar wave, sioce it ia 
the greater of the two. 


moon ift uh ly tnppoeed to be rvnderwl vi4ble fco tu by the light refl- cted frum the ude 
pre**nted fco the wo, it may n>t imrüniunably be «aked why it U that, u jual fil*- 
lervpl, we (mj me tim es see the ob»eure «■ well the brighter porti un. Thia i« evily 
uadeiwiood, hnwever, by ?*collecting that when the mooii U one or two d*y* oW, the 
Mfttive «f tbe wth, the tnoon, am! the »an, ure mch u pennit the »wtb V» 

rvflect the «mlight bock to the tnoon in tufficient qmuitity to faintly iltuima* UiaI 
hemtfpber« whieh i# oelt to onreelvM. In f»ct we giye it E*rÜi-litfhL 

It La obvinui thut, to ftti iftUahitint *»f the moon (if »ach tbere could be), <*ur earth 
miiflt «p]***r »1 m ipleudid moon, »hiaiag with light borruwed fmta the enn, end pte- 
•cdting «It the moun*» own pbeeea m «een from the eftrth, bat poueenng more Lh«n 
three tim« her eppHeut di*meter. We *ct, themfore, in the i*me c»pedty townrde 
the tnoon thit the tnooa ibw towitnli Qi, It ia intereating her« Ui auta Ut« optnioo 
of i-jUi* »dtriitiiU, that, judgtag fruin the muon’a pbyiiioal canditione, M*, u « kmtv 
It, cennot eiial tbefl; wbißt it i» poeeible, if not probable^ that «um* of the other 
pl«neia (rrtnre aap«daHy Mur», which hu beeil Wrmed “the mini «tu re of oqr urth **) 
in*y luve theii 1 inUbiutits thongh iH*ee»uutly b ings of pncewely Üic tnar ttokr 
m durftelv«». 
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Springs are thus the sum , and neaps the difference, of the co- 
existing lunar and solar tides. 

Diagram No. 3 represents neap tides as produced at the last 
quarter of the moon, and as the effect on the tide at the first 
quarter is precisely similar, it is not worth while to give the 
diagram. 

The tidal wave is also accelerated or retarded in a way which 
will now be described. In the Ist and 3rd quarters of the Moon 
the solar tide is westward of the lunar one; and, consequently, 
the actual High Water (which is the result of the combination of 
the two waves), will be to the westward of the place it would have 
been at if the Moon had acted alone, and the time of High Water 
will therefore be hastened. In the 2nd and 4th quarters the 
general effect of the Sun is, for a similar reason, to produce a 
retardation in the time of High Water. This effect, brought 
about by the relative positions of the Sun and Moon, is called the 
Priming and Lagging of the tides. It deranges the average 
retardation, which, from a mean value of 48m., may be augmented 
to 60m. or be reduced to 36m. 

A study of the preceding diagrams will shew that the greatest 
and least water is to be found on a bar at High and Low Water 
respectively of Spring Tides; whilst at Neaps the tide will neither 
rise so high nor fall so much. There is therefore more water on 
a bar at Low Water Neaps than at Low Water Springa Further- Haif-ttd«, or 
more, we have the important fact that at half tide the depth on a *** 
bar is always nearly the same, whether it be Springs or Neaps. 

Thus at Liverpool, at the present date, there are always 24 feet of 
water on the bar at half-tide, flood or ebb, but of course this depth 
is snbject to alteration by the bar silting up or washing away. 

Half-tide corresponds to the Mean sea level, which is constant, 
and should therefore be universally adopted as the Standard Plane 
of reference. 

The following diagram, taken from the Adjniralty Tide Tables, 
is intended to explain the terms Spring Rise, Neap Rise, and 
Neap Range, as made use of on the Charts and in the Sailing 
Directions published by the Admii alty:— 
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c*HaJf Tide or mean Level of the Sea both at Springs and Keapa 

d=Meao Level of Low Water Ordinaxy Neap» 

«- „ lt „ Spring». 

Examplel 

Spring Riae (or Mean Spring Range) ■* e to a = ü ft 

Neap Riae - - - - - e to b - 10 1t 

Neap Range - - - - = to & — 8 „ 

Be to <ft*rinyai*A Utwctn Neap lii*e and Neap Range. 

Now, with reference to a title wave being forraed 3imultaneousIy 
on both sides of the earth, In considering this qnestion we will 
temporarily put the sun on one side, as by so doing matters will 
le mueh aimplified, without in the least interfering with the 
general principla 

At first sigbt it looks stränge that the Inferior wave should be 
produced by the attradion of a single body, such as the moon f 
vvhich of oourse cannot be on buth sides of the earth at the same 
instant of time, Admitting the attraktive power of the moon, it 
is easy to eomprehend that the Superior tide may be so formed; 
but that the other should alm be the result of a pull in the Same 
diroctiou, is rnuch more difficult to underst&nd, and proves an 
effectual poser to many who f from want of tho key, consider the 
matter as coutrary to common scnse, Touching the latter, it must 
be allowed that coinmoa sense is a first rate ihing in its way, and 
happy are those who possess it, but, unfort ü na tu ly, it is not alw&yv 
cquul to unravelling intricate problems, of whatsoever kind* The 
nioon's aUraction undouhtedly e&uses bvth tide waves, and, absurd 
as the idea may appear to rnany, the fact ia eapable of sufficiently 
easy explanation, wliich we will now attempt 
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It is necessary, first of all, to have a clear conception of that Universal 
species of attraction called Gravitation, which pervades all space 
—every partvde of matter in this vast universe attracting every 
other partide. 

The laws governing Universal Attraction are well established, 
and may be thus stated:— 

a 1. All bodies in nature exert a mutual attraction upon each 
other, at all distances, in virtue of which they are con- 
tinually tending towards each other. 

Ä 2. For the same distance the attractions between bodies are 
proportional to their masses. 

"3. The masses being equal, the attraction varies with the 
distance, being inversely proportional to the square of the 
distances asunder.”* 

The tides, however, are not due to the simple attraction of the Explanation 

moon upon the waters of the globe, but to the difference of its tides are 

attraction on the near and far sides of the earth. formed by 

attraction. 

Now, the moon attracts the solid earth as well as the waters 
upon it, and in conformity with law No. 3, she attracts most that 
which is nearest to her. Therefore, the waters on the side next 
the moon are most drawn to her, the solid earth in a lesser degree, 
and the waters on the distant side less still; so that the latter are 
left behind, as it were, and present the illusory appearance of 
being attracted towards 1\ which, however, is not the case. See 
Diagram No. 4». 

Let the inside letters represent points on the earth’s surface, 
and let us suppose the latter to be uniformly covered with water. 

Now, the different parts of the earth are at unequal distances 
from the moon. Hence the attraction which the moon exerts 
at a is greater than that which it exerts at b and h, and still 
greater than that which it exerts at 0 and g ; while the attraction 
at e is least of all« 

The attraction of the moon upon the layer of water imme- 
diately under it at the point S is greater than that which it exerts 
upon the solid globe; the water will therefore heap itself up over 
o—that is. High Water will take place immediately under the 
moon. The water which thus collects at a is derived from the 
regions e and g, where the quantity of water must therefore be 
diminished—that is, there will be Low Water at c and g. 


* Ganotä * Populär Natural Phdotophy . A most engaging book, wbioh no offieer 

ahoald be withont 
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The water ut / is less attracted than the solid mnm of the eartb. 
The ]alter will therefore reeede from the waters at /, leavi ng 
them bchind, so tbat they will be heaj>ed up also» and produce 
High Water at the samc time as at S. The Moon's attraetion, 
as exereised upon our eartb, is differential in ita eharacter, and 
herein lies the gist of the whole thing* 

So much for the Moon; now for the Sun* 

The sun producea tidal efFects similar to those of the moon* 
He is the Centre and Controlling force of the System to wbich %ve 
belong; and his attractivo power upon the earth, as a whole, is 
vastly greater than timt of our coraparatively puoy satellite ; for, 
though the suns mean distance from \m is nearly 390 times that 
of the moon, it is more than cmmterbalauced by his muss, which 
is 20 million tim es greater than that of the moon* Keverthelesa, 
the Intter's influeuce upon the tides is nearly 2J tim es more than 
the sun. 

Here wo have another seeming anomaly, but it is expl&ined by 
the faet that the sun’s mean distance is so great (93 millions of 
miles), that the ineqttalüy of his attraetion on different parts of 
our earth is very small; that is to say, the sun attracts all parts 
of our com parat ively small globe in a nearly equal raüo, which is 
not by any meaus the caso with the moon, as the earth's diameter 
(7,913 milcs) bears a considemble proportion to her mean distance 
from us of 233,830 mtles. The moon is only removed from us by 
a distance equal to 30 of the earth s di&meters, where&s it wouhl 
reqnire nearly 12,000 earths to bridge the spnee between the sun 
and ourselves. In other words, the suu's attraetion, as applied to 
our earth, is less differential in cbaracter than that of the moom 

The term Gravitation is applied more espeeially to the attraetion 
exerted between the heavenly bodies. The nun being that meraber 
of our planetary system which hm the largest xnm% excrU also 
the greatest attfaction, from which it iiüght aeetu that the earth 
and the other planet« ought to fall into the sun, by reason of 
tliis attraetion. Tbts would indeed be the case ( if they wt-nj 
only neted upon by the force of Gravitation; but owing to tlieir 
inerüa> # the original or prima ry Impulse which they onoe received 
constuutly tends to carry them nway from the sun in a straight 
Imc, The rmultanl of this acquired velocity, and of the force of 


1 Inrfiut jj k parely a<g*Ur«* jiPnjiCTty ui innikr. Il w lh»! Snb*r»nl qtuJilf 
cf pwmivvü* 9 $ ln bodttfi «hieb pmrvc» m • «Ute of p*rpctti*l tem% wli«xi tua* 

4Utmrbed, or in |wrpotuiU u«*tlun ualiui «rtsited by *u*ao reBbliuj fwrc*. 
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Gravitation, makes the planets describe curves about the sun 
which are elliptical in shape, and are called their orbits. 

The moon revolves about the earth once in something under 
25 hours, and the earth having a circumference (in round num- 
bers) of 25 thousand miles, the tide wave caused by the joint 
action of the sun and^ moon would, if the surface of our globe 
were uniformly and entirely covered with deep water, have a 
speed of 1000 miles per hour. As a matter of fact, in mid-ocean, 0 * 

where there are no barriers to its progress, the tide wave is found 
to travel little short of this rate; but there is a rapid falling off in 
the speed a3 well as change in the direction, when the wave is 
obstructed by land Stretching across its natural line of progress, 
also by the friction of the bottom in shoal water. For example, 
in the Southerji Ocean the hourly rate is nearly 1000 miles; in 
the middle of the North Atlantic, 700 miles; but in the Irish 
Channel, between Rathlin and the Isle of Man, the progressive 
rate of the wave of high water is only 50 miles per hour; and in 
the Southern branch of the same, about half that amount 

Let us reroark in passing, that the tides with which our fre- 
quenters of the sea shore are acquainted are not the direct effect of 
the moon’s attraction. The tides are generated in the Great South¬ 
ern Ocean, where they are forced oscillations, but those that we 
have in our part of the world are free oscillations, started, it is true, 
hy the others, though running up to our latitudes on their own 
hook, under the action of terrestrial Gravitation. The direct tidal 
effect of the moon in our seas is comparatively small, and is in 
many places antagonistic to the actual ebb and flow of the waters 
witneased by our sea-side visitors. 

Here it is necessary to observe that, owing to fluid-friction, the 
mertia of the water, and other causes, the tide wave is found to 
lag behind the moon, and on this account the highest tides do not 
occur when her influence is greatest, but from one to three days 
after. The tide corresponding to New, or Full moon, can however 
he detected by its superior height, which accordingly enables us 
to get at what is termed the retard or age of the tida Similarly, Retard or ago 
High Water at any place is not simultaneous with the moon’s pass- ot 
age of the meridian of tbat place, but occurs an hour or two after. 

At this stage of our subject, it is most important to distinguish 
between the motion of a tidal wave, and that of a tidal current 

The tide wave is due not nearly so much to the actual horizon- Durereneo 
tal transfer of a body of water from one place to another, as to 
an devaticn of its surface. Thus the sun and moon do not draw current 
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öfter them tlie mound of water which has been raised by their 
attmction, but are all the time engaged in raising the water which 
is verticalty beneath them. As we have seen, the projmgation 
of tbis tide warn is compatible with immense velocity, w bereis 
tb© tide current rarely exceeds 5 or 6 miles an hour* Wer© the 
tide wave one of translation , like the tide current, it would carry 
destruetion in its course. The peculiarity of its acücn nmy b© 
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shewn in tbis way:— 

Let two men stand a few yards apart, eacb boiding tbe end of 
a piece of rope stretched loosely between them. Now, if one of 
the men wer© to sbakc tb© rope smartly in an tip and down 
direction, he would cause unduktions or waves in it, which wouid 
travel to the other end with great rapidity; nevertheless, from 
both ends being retained in tbe hands of tbe men, the rope, taten 
as a whole, would occupy throughout the same po&ition. 

The shaking of a sail, or tbe fluttering of a flag t serve to ilius- 
trat© tbe same effect, tberefore we see tbat it is the fonn alone of 
the wave which moves, and not the water of which it is composed* 
In otber words, the same wave as it advances is not composed of 
tbe same water* 

Light, heat, and sound are transmitted in a similar mannen 
Let us take the latter by way of further Illustration;— 

If a long spar be gently tapped at one end, the blow will be 
readily heard by a person applying hie ear to the otber end* In 
this case the sound wave is propagated by tbe minut© but rapid 
librations of tbe atoms of wood composing tb© spar, but oo on© 
for a moment would suppose tbat the identical pkce of wood 
which was struck had travelied to the ear of tbe lkteoer. SoÜda, 
geuerally, couduct sound mueh mor© rapidly tban air. Oak, 
for example, will transmit it with cxactly ten times greater 
velocity. Tbus, in the experiment just mentioned, if tbe spar be 
struck with suffieient force, tbe listcnor will hear two distiüct 
gounds, with an interval between them, depending upon the leogth 
of the spar, the first sound transmitted by the wood, and tbe 
second transmitted by the air. Iron is a still beiter conduclor. 

Eecent Investigation, however, goes to prove timt every wa 
wave is more or tess a wave of translation, setting down eacb 
particle of water, or of matter suspended in water, a littU in 
advance of wher© it picked tbat particle up; but to the ordinärj 
ohserver this tranaference of matter is so slight as to be traper* 
ccptiblc, By the scainan, bowever, it is taken inio practica! 
Account wben he is making allowauce for " the heave of the m±* 
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Shoaling of the water makes a material difference in theBfffcetan 
character of a wave. Its base is then retarded by the increasing 
friction of the ascending bottom, and its leading side in conse- water, 
quence becomes steeper and steeper, until at length the crest out- 
strips the base, and, toppling over, breaks into foaming surf. This 
may be witnessed any day in the approach of waves to a shelving 
beach. Where the foreshore liappens to slope very gradually, 8nrf and 
these breakers extend a proportionately long distance seaward; **•***”• 
but in such cases the ground friction deprives them of their 
original height and energy long before reaching the beach. 

The name has escaped the writer s memory, but there is a place 
on the Malabar coast where the water, for miles seaward, shoals 
so regularly and slowly over muddy bottom, that the force of the 
heavy seas during the S.W. monsoon is quite spent by the time 
they get near the land; and it is common for the small craft 
thereabouts to run in on what is a dead lee shore, and anchor 
without fear in 4 fathoms. 

For conditions of an opposite character take the bar of the 
Tagos, which shoals abruptly from a depth of several hundreds of 
fathoms existing only a few miles to the westward. During 
winter gales the deep-water undulations come rolling in upon it 
in an unreduced form, and break with terrific violence. They 
have even been known to sweep the decks of large mail steamers 
that have rashly attempted to enter at such times, though the bar 
earrie8 not less than 6 fathoms at low water (in the shoalest part). 

This would give the height of these formidable breakers as 
npwards of 30 feet, since it is generally accepted that the depth Rais as to 
of water where the wave first breaks is equal to the height of its 
erest above the nndisturbed sea leveL 

To give an idea of where broken water will be dashed to in 
Stornos, it is related, on good authority, that the fog bell (weighing 
several cwt.) of the Bishop Rock lighthouse was torn away from 
its massive fastenings during a severe gale, and the gallery con- 
taining the belfry was found thickly strewn with sand, though it 
had an elevation of 100 feet above high water leveL 

Engineers have of late years taken advantage of the compara- piers and 
tive absence of horizontal force in unbroken waves, to construct **•*&"•***• 

oon- 

almost perpendicularly the sea faces of such piers or breakwaters «trooted ln 
asrequire to be built in exposed positions. Formerly, works of preaen * 
this character had a very long batter or slope, the effect of which 
— similar to that of a shelving beach—was to cause the waves to 
enrl over and break in a manner which forced out huge blocks of 
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stone* each very many tons in weight; and tbb underraining pro- 
cess went on uotil the solid masonry was completely breached 
through. 

Again, it is not improbable that the reader bas seen unbroken 
wavea reflccted back from a vertical sca wall; in which case he 
will have noticed that tlie reflected outgoing waves pass throwjh 
the incoming ones, and each continues on its oovne almost as if 
nothing had happened. Tiie principal visible effect produced by 
the collision is to inomentarily increase the height of the waves at 
their point of meeting; but after a time tlie retlected wäre ia so 
reduced in speed and size by its repeated encounters witb succeed- 
iug incoming ones, that it dwindles nwny, and at last ceases to 
exist; wcre they solid bodies undergoing translation, tlie wave 
with tbe greater meinen tum wonld overcome and carry with it 
the other one—but, of course, at a reduced speed. 

To take another exainple: Every sailor knows that whea 
hove-to in a gale, his ship, if properl y loaded and haodled, will 
ordinarily ride ovor tbe monster seas likc a duck; and it h clear 
that such could not be tbe case if each wave wcro hurled agrvinst 
tho veasel as au independent and separate accunmlation of water. 
But as soon as their free movement is laterfered with by friciioii, 
no matter how produced, waves have a tendency to *' top ,P and be- 
come vicioua For instance, on tbe edge of tbe Agul'ias Bank, 
off tbe pitch of the Cape of Good Hope, it is well kn>wn that 
the seas generated by a W.NAV. g&le arc often opposed by a 
streng current setting right in the wind’s eye, The result Ls a 
hollow, curling sea; and woe betide a deeply laden ship should 
ehe meefc one of these ugly customers at an awkward momoüL* 
A weather tide in a river is an example of the sanie tbing on a 
very mueb snrnller scnle* 

From the foregoing we learn that a wave proper haa but m 
trifling effect in the horizontal tramference of floating objeets* 
which do little more than rise and lall on ite surface; but the 
saine wave, when transformed into a “breaker 11 by friction, will 
carry all befere it 

The 11 Boree * peculiar to some rivers are produced in a manner 
very similar to breakers,'* As tbe Tide wave adcances up the 
river, it is oontinually cbecked undemeath, not only by tbe 

* Oil alowly dropped mtu tUo hm & t&mdtif ui effect in pr*venUng ii breakin^ on 
bo&rti. It ia common Lu wime put» ol Kurland. hefnru beftcbtög ft boftt, to }mU ujj ftful 
tiuwft for ft fcw yurcLi, pouriog oü on the water, mnd then ruw in on tbe Tb«t* 

liftrn Iwr-n »övernl hitcrettiu^ nrticl«« un tbia ttkbject in Jo*r*d. 
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friction of the bottom, but by the resistance of the downward 
current. These causes operate to dam up the incoming tide, 
which is neyertheless pushed on by the ever-increasing volume 
of water behind, until it assumes a steep broken front, and 
oonstitutes one continuons breaker, having a long flat back. As 
the “bore” advances, it is sometimes hemmed in at the sides 
by a contracting channel, which forces it still more to rise above 
the ordinary level, since, if the form of the channel cannot 
accommodate the rusb of water in one way, it must in another. 

In such a case it is not uncommon to see two or three smaller 
* bores M coming along on the back of tbe first. 

This phenomenon occurs mostly in rivers situated at the head 
of delta-shaped estuaries, and wliere these open brpadly to the 
direct course of the Tidal wave, the effect is necessarily more 
markecL 

Chepstow, in the Bristol Channel; Mont St Michael, in the 
Golf of St Malo; Dungeness Spit, near Cape Virgins; and the 
Basin of Mines, at the head of the Bay of Fundy,—are all places 
oelebrated for a great Tidal Rise and Fall, which in extreme cases 
amounts at some of them to 70 feet and upwards. 

On the other hand, in the open ocean, where the Tide wave is m opm 
untrammelled, the ränge is but four feet or so, and in inland seas ocean 
it is almost insensible. For instance, among the islands of the 
Pacific Ocean the Rise and Fall varies from 3 to 6 feet, and in the 
Mediterranean the average Rise and Fall does not exceed 18 
inches, though in places—Sphax for example—owing to local 
causes, the Rise and Fall is fully five feet. 

Lakes and inland seas being comparatively small, the attraction 
of the sun and moon is nearly equal at both extremities, therefore 
their tides are insignificant Close investigation backs up the 
theory that the magnitude of the tidal ränge depends upon tbe 
Proportion the size of the lake or sea bears to the diameter of the 
earth: for instance, the existence of a tide in Lake Michigan has 
been proved by a series of observations made at Chicago in 1859. 

The average height of this tide is 1| inches; and the average time 
of H. W. is 30 minutes after the moons transit The length of 
Lake Michigan is 350 miles, or ^of the earth’s diameter; and its 
tide is about °f that which prevails in mid-ocean. Again, the 
length of the Mediterranean is 2,400 miles, or, roughly, £ the 
diameter of the earth, which gives the average height of its tide 
as $ what it is in the open sea, and this is confirmed by observation. 

The Tide Current, then, is caused by Tide waves from the ocean Tide ourrent. 
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being concentrated and checked hy local formation, also by the 
frictional resistanc© offered by the bottom and sidea of a narrow 
channel In passing through contracted spaces, these waves, as 
already stated, are heaped np and urged on by the conti nued 
pressure of the water behind, wbose motion is less retarded than 
that of their own; and thus, in seeking to find its level, an actuaJ 
current is created. 

The Tide Current must not, however, be mixed up with the 
OceBft general Ocean Currente, whicb are progressiv© raovements of the 
water, du© partly to prevailing winde, and partly to diferencte of 
iemperatttre and dermtg, which, by disturbing the equilibrium, 
cause a constant cireulation to b© going on in tho waters of the 
globe; and this, be it reinem bered, takes place in a verticai as weil 
as a horizontal direction. 

1t is difficult at first to realize that mere friction can play such 
an important part in Connection with tidal currente» but tinmis* 
takeable evidence of this is gtven in a variety of waya For 
Effect on tidei esample, of late years the Tyne has been improved by str&ight- 
proTemeSs, ening some of the worst bends, and by dredging its bed. The re&ult 
is that High Water now occura at Newcastle aome 20 minutes 
earlier than it diel previoua to these nnprovemeots, though the 
distaoee from Tynemouth to Newcastle is but 9 nriles or so, 

The Tide hour* has been accelerated at Glasgow by similar 
means, and also at London Bridge, but in a less degtm 

Again, most seamen—especially coasters—are aw&re that tho 
uwhorrtid« a ^ ream tide runs longer in the offing than close alongshore. 

Two causes operate in producing Uns efTcct From the water 
being deeper in mid-cbannel, its momentum is proportionately 
less retarded by bottom friction; whilst the littorai current— 
affected in a muck greater degree by bottom and side friction—has, 
moreover, to penetrate the bights and follow the bendi of tho 
Co-tnui coast« Reference to the accompanying co-tidal map of the British 
Irlands will shew this leature very plaiuly: it will be noticed 
more especially in the English Channel and in the contracted 
portion of the northern brauch of tb© Irish ChanneLT 


* More gcuvmily te mied 41 Eetablkhistmt of tho Port/' 

f Pint-* üouaettiug all thof« places whicb have high water ml the tarne itiiUnt of 
elWu** tim*; are tertned Cv-tidal liiien. Thej are tieeful h markia# the prugroa ol 
the Tide «wre tour by hour, aud are göneralJy drawn for Greenwich Mbmi Tun m, 
Tlrtjr hur« no refereDOc whatever to Tidal zarrml, The mip bare ikewn k Ubi 
(com « Pamphlet hy the Ke*, ftamuel Haoghfem, M.A. Imrif'i * L*/ht» and Tmim** 
oootaiiu an ■«calletit little rhart of Ule World, -hewittf the Co^tidai Ixum betwtWD *0* 
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The Tide current sometimes continues to flow in the offing for 
three hours after it has turned by the shore, and is then termed 
“Tide and half tideand “ Tide and quarter tide ” when it only Tide and Half 
runs for 1J hours longer. Moreover, the time at which the stream TW# * 
tums is often different at different distances from the shore, but 
the time of High Water is not necessarüy different at these points. 

This same peculiarity may be observed in a small way in the 
Mersey and other rivers, where, though the stream may still 
be running up in mid-river, it will be at a stand inshore, and the 
water-level will have fallen several inches at the pier-heads. 

A knowledge of this difference in the turn of the inshore and c&rryln* tue 
offshore streams is of great Service, more particularly in working 
to windward, since by keeping close in at the commencement of 
the tide, and standing out mid-channel towards the last of it, it 
is possible to carry a favouring tide for nine hours. Indeed, in a 
smart vessel, navigated by a man with good local knowledge , the 
flood may be carried even longer; and in a steamer—from the 
bet of the turn of the tide in certain cases getting progressively 
later—the ebb may at times be cheated altogether. 

For exampleNeglecting the odd minutes, it is High Water, 

Full and Change, at Queenstown at 5 oclock, and at the Bar 
Lightship, Liverpool, at 11 oclock. Now, if on such a day a 
17-knot steamer were to leave Queenstown at noon, with the 
yoang flood or eastern tide, and round the Tuskar closely, she 
would carry the tide with her the whole way to the Lightship, a 
distance of about 226 miles. It should be stated, however, that 
between Roche’s Point and the Coningbeg light-vessel the stream 
is weak, even at springs. Owing to a peculiarity, which will be 
alluded to further on, a ship passing through the Straits of Dover, 
bound to a port on the East Coast, and hitting the tide at the 
right time, will carry it for nearly twelve hours. The same thing 
can also happen in the George’s Channel. 

We now come to another very important phase in the pheno- 
mena of tides. It is of the greatest consequence to the navigator Else and Pan, 
that he should not confound the Rise and Fall of the tide with 

g man efl fr om 

the Flow and Ebb. Flow and Bbb. 

It is too generally supposed that at High Water the flood cur- 
rent ceases, and similarly, of course, that at Low Water the ebb 


ef North and South latitude. The same book has also a variety of other Information 
vwy nseful to the seaman, and is one of those recommended for the Captain’s Nauticai 
läbrary. 
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current eeascs ; in other words, that the ßood stream only runa 
whilst the water is rimng t and that the ebb etream only runs 
whikt the water is falling . Now this h not by any meaus a 
uecessary consequence; and so far from its being even general !g 
the case, such a condition is proved to be extremely rare, and 
then oaly to be found in small bays and harbonm 

The supposed cessation of the Flood and Ebb streams at High 
and Low Water respectively, is unfortunately a very prevalenfc, 
but at the same tiiue not unnatural, miseonception, and has doubl- 
less contributed to many a disaster, 

Owing to the moraentucn of the water, which does not perrait 
of its onward motion ceasing sknultaneously with the exciting 
cause, and owing somctimes to difference of levd, it is not tmeom- 
jiion to find the Fiood run for three hours öfter the tcater kam 
commeneed to fall ; and, similarly, the Ebb may continue running 
out for three hours öfter the water has commeneed to rite, 9 Tb 11 % 
at the actua! tiines of High and Low Water, the Flood and Ebb 
streams respectively, instead of being " slack " may, on the con- 
trary, be running with their greatest veloeity* 

This peculiarity is shewn in a very striking manner at the 
First Narrows, or castem cntrance to the Straits of Magellan, 
where it is due almost entirety to excessive difference of water 
level. 

As already stated, in sinall harbours and bays slack current 
takes place at the “stand" of the title at High and Low Water; 
but where the tide wave enters a narrow inlefc, cmmecting with a 
great inland basin, the case is different The basin being nearly 
tideless, has its surfaec lying at about the mmn sea level; there- 
fore, Flood currenta ean only commence to run in through the 
Narrows when the surfacc of the outside water has risen above 
that of the basin, and the maxi m um velocity must occur at High 
Water for the Flood, and at Low Water for the Ebb* 

This is precisely what happens in the Straits of Magellan— 
which, though not an inland sea in the striet senso of the lerm, 
nevcrtheless partskes suffieiently of the characteristics of ooc, 
Now, it so happens that, in the gourd-shaped arm of the sea 
adjoining the contracted cliffy channel formin g the water com- 


* Mott pmplt who btve to do with the doclting and «mWhjng of remle will h**e 
ooiiced, by tid*-u%ng« or merkt öf »ome tort, bow m ri*«r riete or ** ■ w*1U ” lo** 
Wort the lut of the Ehb ttrews», eKowin^ th*l the Tide war* m*y be fällig on* wmf, 
wh<m the lottrr iUelf t« »cUt*J1y «jtother. 
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manication between the Straits and the South Atlantic, there is 
a Rise and Fall of 42 feet This great tidal ränge is due to its 
ahape, combined with the fact that it opens invitingly to the 
direct courae of the tide-wave flowing in from the South East- 
ward. But, in the basin immediately within the Narrows, the 
lange is only 22 feet, and further on it is much less; for, when 
a lar ge water area has to be filled through a contracted opening, 
as in the present case, the inner tide suffers a gradual degradation 
m the water composing it spreads itself, and fiually becomes 
nearly insensible; therefore it is that, after passing what is known 
as the Second Narrows, the Magellan tide virtually becomes 
spent, and the Rise and Fall insignificant: indeed, the latter 
would be even less were it not for the numerous water passages 
conununicating with the Pacific Ocean, which act as feeders. 

What has been here described as occurring inside the Narrows 
is just the reverse of what takes place outside the Narrowa In 
the latter case the tidal ränge is continually augmented as it 
prooeeds up the estuary, tili at or near the head it reaches its 
maximum« 

The annexed diagrams are intended to illustrate the action of 
the tides at the Eastern entrance to Magellan Straits, and in them 
we have taken the liberty of supposing the basin on the left 
to have no Rise or Fall whatever; this is not consistent with 
the actnal fact, but it simplifies the explanation without in 
any way detracting from the truth of the general principle 
referred to in the text. The upper diagram does not profess to 
be anything more than a very rough outline of the entrance to 
Strait, nor is it even drawn to scale. (See Diagram 

No. 5 ). 

We will begin by supposing it high water outside the Narrows, as 
repreeented by the line A. The water will then commence to fall; but from 
its level being 21 feet higher than inside, the flood stream will continue to 
nm in through the Narrows tili both basin and estuary have arrived at the 
pme level, which will not happen, however, for S hours, by which time it 
will be half Ebb The ocean water which has passed through the Narrows 
eannot, however, do much to swell the inner tide, since its volume is but 
trifiing aa compared with the large area over which it has to spread itself. At 
3 hours after high water, the surface level being then the same both inside 
and out, theri is a momentarg stand in the current, which, up tili now, has 
been flowing in; but, as soon as the outside level drops sufficiently to cause 
an imdinft in the other direction, the stream will commence to rush out y and 
continue to do so tili the common level is again restored, which will not be 
befoie half flood. As may well be imagined, the tide in the Narrows seethes 
like a boiling pot, and makes steady steering an impossibility. 
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Another populär but erroneoua uotion ia, that the night tides 
are ahvays higher than the day ones, 

Pi Iota are very prone to this idea, and, without Investigation of 
any kind, it is passed along froin father to aon aa a sort of 
Professional legacy. The real facta are as follows :— 

In consequence of what is ealled the Diurnal (or daily) In- 
equality, it sometimes liappeiis that the night tides are higher 
than the day tides for weeks together; but if such be the case at 
one period of the year, the day tides are higher at another 

Prolonged and properly conducted observations prove conelu- 
sively that the height of the tide at a given place is influenced by 
the Dedination of the moon; for as the tide wave ever tries to 
place tts iiighest poinfc vertically ander the body which pToduces 
it, when this vertical chauges its point of incidence on the surface 
of our globe, the tide wave must tend to shift witli it; thus, 
when the moon s deelination is 0*, the Iiighest tides should oecur 
along the Equator, and the heights should dxminish thence 
towarda the North and South ; but, other things remaining as 
before, the two consecutive tides at any place should have the 
same height (See IHagram No. G), 

When the moon hm north dcclination, as shown in the dwqtmro. the blühest 
tides on the aide of the earth next the moon will be at plaeea having a 
curresponding north latitnde, aa at A ; and on the oppüsite sidc of the earth 
froin the moon, at thoee which have an equal soutb latitude, aa at <7. And of 
the two Donsectitive tides at any place, that which «ccur® when the moon i» 
nearest the Zenit h should Im the greater. Hence when the moon s dedination 
b NoHh % the height of the tide at a place in north latitude should he greater 
when the moon is above the horizon, m at than when »he in below it, as at B. 
On the surnc day, placcs South of the equator have the highest tides when the 
moon ia below their horizon, and the least when she is above tt. A cardul 
study of the diagram will make this apparent 

In eontinuation, let m supjjose the moon to be “FulV* and her dedination 
28° North. At midnight, therefore, she w ill be in the imM of a place at A, 
in north latitude, and will produce a high night tide. At D % situatod on 
sxactly the same meridion, but in south latitude, the midnight tide occitrring 
at the same absolute instant of time m the tirst-named will be a poor onc, äs 
the altitnd* tkere ü low. On the other aide of the globe, the places B 

and C have htgh water at thdr noon, siimtlUneously with A and D at their 
midnight; but V heilig in the direct Uns of the moona aUraßtion, hoa much 
the higher tide of the two. 

Froin these considerations it is obvious that the Inferior or 
day ti.de at C must be greater than the Superior or night tide nt 
0, which completely upsets the idea tiiat 41 Night tides are ahiay» 
the higbesi” 
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To go from theory to facts, take for instance what happens at 
Whampoa docks. I 11 March the day and night tides rise to the 
same level. From April to October the day tides ave the higher , 
and from November to February the lower. At San Francisco, a 
rock which has three and a half feet water upon it at one Low 
Water, may be awash at the next succeeding Low Water; but 
when the moon is on the Equator, the inequality at this port dis- 
appears, and the day and night tides become equal. 

The Diurnal Inequality varies greatly in amount at different 
places, but it follows fixed laws at each, and may be predicted. 

It sometimes becomes so large that for several days there is only 
one tide in 24 hours: this latter phenomenon is very common on 
the S.E. coast of China, the coasts of California and Oregon, and 
in the Gulf of Mexico. On the coasts of Great Britain and 
Ireland the Diurnal Inequality is small. 

But apart from the irregularities just alluded to, there are Enumeration 
other circumstances which also affect the height of the tide, and 
the times of High and Low Water. These depend upon a variety Ina tid#«. 
of things—such as the configuration of the coast, a meeting to- 
gether of several channels, the direction of the wind, and the 
height of the barometer. Thus, at Liverpool, a S.W. gale both 
augments the tide and prolongs it, whilst a blow from the oppo- 
site quarter invariably retards and “ cuts " it. 

A rise or fall of an inch in the barometer is attended with a 
corresponding fall or rise in the tide, varying from six to sixteen 
inches, according to Situation. At Liverpool it would be equal to 
twelve inches, which is nearly in the same ratio as the specific 
gravities of mercury and water. 

As these two last influences cannot possibly be predicted in the 
Almanacs, the tabular times and heights are sometimes consider- 
ably in error. 

Then, again, there are what are termed “ Interferences,” where- .« 1 ttter . 
by two distinct sets of tide waves, in their combination, produce ferenoei.» 
apparent rest These complications, when they oceur, require 
most careful and lengthened investigation before they can be 
traced back to their true sources. 

At Southampton there is a double High Water, the second ndal ^ 
occurring within two hours of the first The fall in the interval uarity at 
does not amount to more than 9 inches, although the Rise and 8outlmmpt011 * 
Fall between High and Low Water is 13 feet The main features 
of this peculiarity are thus explained:— 

The imhore eastern or flood stream runs past the Needles into 
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the Solen t, and nrnkes High Water at Southampton in the ortho¬ 
dox inarmer. The tide then falb a little with the last of the 
Btream; but when it turna to the westward i nähere, a great body 
of water, favoured by the shape of the land, unites with the last 
of the outmU eastern stream, still flowing round the south-easteni 
pari of the ialand, and both run into the back of the Wight, by 
way of Späthead. Now, the outlet for it between Hurst Point 
and the Need 1 es being much smaller than the eastern clianoel by 
which it entered, the returning water gets pent up, and, in conse* 
quence, there is a general rise in the Solent AI Calshot Castle 
the tide forks—one brauch going out by the Needles* and ihm 
other flowing up Southampton Water, which lies open like a tr&p 
in the direct course of the maiu current, and so causes a serorvi 
High Water. This is suceeeded by a uniform but rapid fall, 
lasting about 34 hours. 

To the mariner the knowledge that the High Water at South¬ 
ampton remaina nearly statlonary for rather rnore than twohours* 
may, in some cases, be important 

At Havre, on the north eoast of France, though the spring riae 
is 22 feet, tbo 41 stand” at High Water lasts one hour, with a rise 
and fall of 3 or 4 inches for an other hour, and only rises and falls 
13 inchcs for the space of three houra This long period of 
nearly slack water is very valuable to the traffic of the port, and 
peimits a larger number of vessels to enter or le&ve the docke un 
the same tides than would other wise be the casa 

The tides, then, are not all plain sailing, as might be suppoeed; 
and it would be almoet impossibie for any one inan to m&ke him- 
seif acquainted with the peculiarities of those on our own coavts 
alonc, unless, indeed, he had no other employment 

For tho direction and rate of the tide in the Channel at any 
given time or place, the navigator must consult the Admiralty 
Saüing Directions and Tide Tablea In the latter, the Engliah 
Channel and North Sea are divided into compartments, in which 
the Correct Magnetic direction and rate of the tidal streams U 
given for ct *cnj hour of the tide at Lk>ver. The tables for the Irish 
Sea are less elaborate, but they contain, nevertheleas, much vaiu- 
able inforni&tion. 

Although in these pages it would be impoasible to enter into 
detail*, a few words may be said nbout the general rules which 
govern the uiain System of tides round about our shores 

Reference to the Co-tidal Map facing pagc 194 will shew that 
tlie tide wave com Ing in frorn the Atlantic splits on the west eoast 
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of Ireland. One pari, going north ward, sweeps round by Inish- mrection 
trahul and the Giant’s Causeway, and enters the George’s Channel 
between Rathlin Island and the Mull of Cantyre; the other part, *ound Qreat 
going to the southward round Cape Clear, enters the same chan- ireland. 
nel between Tuskar and St Davids Head. These streamspursue 
their respective courses tili they meet at the “Head of Tide,” “ Head of 
which is upon an imaginary line drawn from Dundrum Bay cäurneL 
through the Isle of Man, towards Barrow-in-Furness. At the 
jnnction of the two tides occurs, as may be expected, the greatest 
rise and fall, amounting to 15 feet on the Irish side, and double 
that amount on the English. 

To the westward of the Isle of Man we find an “ Interference.” 

The two streams, flowing in exactly contrary directions, here 
destroy each other, so that no current is at any time perceptible, 
and the bottom of this region of still water is characterized by a 
deposit of fine bhie mud. 

To the eastward of the Isle of Man the tidal currents meet at 


an angle, and flow on together with increased vigour towards 
Morecambe Bay and Liverpool, making High Water at tliese 
places seven hours after its occurrence at their point of Separation 
near the Skelligs. 

Offehoots of this same parent tide wave enter the English 
Channel and German Ocean, the latter coming round “north 
about” These two tide waves bring High Water to the south 
and east coasts of England respectively, and also, like those in 
the Irish Channel, have a place of meeting, or “Head of Tide/* “Headof 
which for them is found in the Straits of Dover. SuTcniaira f 

An investigation of the tidal streams of the Irish Sea, by the 
late Admiral W. F. Beechey, RN., brings to light the important 
fact that, notwithstanding the variety of times of High Water 
throughout it, the tum of the stream over all that part which 
may he called the fair navigable portion of the Channel , is near ly 
simultaneous. 

The northem and Southern streams in both branches of the Standard Port 
Channel commence and end in all the fairway parts at nearly the of referanc« 
same time; and that time corresponds closely with the time of cusnnei tides. 
High and Low Water on the shore at the entrance of Liverpool 
and of Morecambe. So that it is necessary only to know the 
times of High and Low Water at either of these places, to deter- 
inine the hour when the stream of either tide will commence or 
terminate in any part of the Channel, outside the influence of the 
inshore eddies. For this purpose the Liverpool Tide Tables may 
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be used, subtracting 18 min Utes from the times there gtven, in 
consequence of H.W. at George's Pierhead being that much later 
than the point which is considered the H Head of Tide-" 

Now, since it is low water at Queenstown at the same time 
that it is high water at Liverpool, it follows that, midway 
between the two there must be a place of oomparatively littl© 
Eise and Fall; and this in the South channel is found to be on a 
line joining Courtown and Cardigan Bay, and in the North 
channel on a line joining Fairhead and the Mull of Cantyre* 
11 Nodal These are termed the ** Nodal points" and here it is that the 
Irish ch&imei greatest body of water passes, and the tidal current* are strongest 
tiöe»* There are similar effects produced in the English Channel, 

Careful experiments,systeiimticaI3yearried out by Admiral Beechey 
and Captain Bullock, RN., prove that the channel streams meet- 
ing and separating in Dover Strait, set uniform ly in a direction 
io ward s Dover wildst the water is rimng at that place, and away 
from it when it is fall ing. To be governed by thia law, a veasel 
must he ei the r in that portion of the channel situatcd between 
Beachy Head and a line joining the Start with the C&squets, or 
between the North Foreland and a line joining the Texel with 
the Hinüber* 

Off' the mouth of the English Channel, westward of a line 
joining Ushant and Seilly, the stream will be found ninning to 
the norikward and eastward wbile the water is falling at 
Dover, and to the soutkward and westward while it is rimng at 
that port 

In the intermediate scction iucluded between a line joining 
Ushant and Seilly, and another joining the Start and the 
Caaquets, there is a mixed tide, partaking of the joint diroctions 
of the tides east and west of it, which renders a written descrip- 
tion impossible; and the Admiralty Tide Tables alone must be 
con*ulted for the direction and rate at any particular hour. 

«< The nodal points of the two channel streams meeting in Dover 

Kx^iiBh ctiln arc respectively at Swanage and Yarrnoutb* 

doi nae». One or two other important and interestiug fe atu res remain to 
be noticed. The Ebb stream of the Irish and English Channels 
constitutes the Flood of the Bristol Channel; and the Flood of 
the Irish and English Channels constitutes the Ebb of the Bristol 
Coaparison Channel: so that, witliin a line joining Seilly and Tuskar, the 
irU& Ä jujd* tide m ’dl f° un d ninning eastward towards the Bristol Channel 
Bristol ciiui' whilst the water is falling at Liverpool and Dover, and ninning 
n«l TLda«. ou ^ from the Bristol Channel whilst it is rimng at those plaeca 
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On its northern side, the Bristol Channel flood sets to the South- 
eastward, and on its Southern side to the North-eastward. It is 
handy to recollect, also, that when it is High Water at Liverpool 
and Dover, it is approximately Low Water at Cardiff and 
Queenstown. 

A few pages back it was stated that a vessel navigating the carryin* tha 
English and Irish Channels might, if she were lucky, carry the hours. 
tide with her for nearly 12 hours. To show how this could 
happen, it is necessary to recollect that, at the Head of Tide, the 
streams meet and separate thus:— 


Dover Strait. 



Consequently, if a vessel happens to reach the Head of Tide 
with the last of the Flood, she will forthwith run into the opposite 
Ebb stream just beginning at that point, and so continue with a 
favouring tide during the next 6 hours. 

Such is a rough outline of the main features of the tides on our 
coasts; but, for the more detailed information necessary to the 
safety of a ship working up or down channel in dirty weather, 
the navigator is referred to the Admiralty publicatioiis already 
alluded to—from which sources the foregoing summary of channel 
tides has been chiefly compiled. 

The Admiralty List* furnishes the Times and Heights of High P&rtlcular« 
Water for the morning and afternoon of every day in theyear , at Admiralty 
the 24 principal home ports, including Brest. Also, the depths TWe Lii *• 
over the various graving and wet dock sills: these are 223 in 
nurnber, and comprise 22 ports in the United Kingdom. By aid 
of a Table of Tidal Constants, adapted to certain Standard ports 
of reference, the approximate times and heights of high water 
for every day m the year can readily be found for 231 British, 

Irish, and European ports, extending as far as Heligoland on the 
north, and Gibraltar on the south. And, to finish up, the same 
valuable work gives the time of High Water at Full and Change , 
with the Rise at Springs and Neaps, for no fewer than 3,300 of 
the principal places on the globe. These last form two distinct 
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tables—one being arrauged aiphabetically, and the other according 
to the apparent progress of the Tide Wave* 

In the Nautkal Almanac, also, of each year, the daily time* of 
High Water at London Bridge are given, as well as the M Tide 
Hour/ 1 Full, and Change, for 19S harbours and ports in the 
United Kingdom and adjacent countries. 

The expression “ Tide Hour," was first introduced by the late 
Lieutenant Kaper, R.N. t and was inteuded by him to supersede 
the moto obscure phrase, “ Establishment of the Port," 

The tide-producing inflnences being the same for each, the i ime 
of High Water v&ries for different ports in the same vicinity, 
owing to the inertia of the water, and the obstruction it tneets 
with from the Konfiguration of the sea bed, and the n&rrowness, 
length, and direction of the channels along which the wave has 
to travel before reaehing the port It is obviously of great mari¬ 
time importance to be able to find on any day the time of High 
Water for the various harbonrs and ports of the world, and to 
this end a Standard tide is fixed upon, indicated by a particular 
relative position of the mooii and sun, from which the time of 
every succeeding tide may in most eases be deduced. This Stand¬ 
ard is called the <f Establishment of the Port," and is the time of 
High Water at Full and Change of the moou, reckotied from 
Apparent noon ; or, in other words, it is the actual time of High 
Water after noon of the day upon which the rnoon, at its upper 
or lower Kulmination, passes the meridlan at the same time as 
the sum It may be roughly determiaed on the day of Full or 
Change, and is in this case distinguiahöd as the “ Vulgär Estab¬ 
lishment of the Port" 

It is found, however, that in general any particular tide *s not 
due to the moon’s transit immediately preeeding, but to a transit 
which has oceurred a consideruble time before, and which is 
tberefore said to corrtspond to it This accouuts for the highest 
tides not occurring at time of Full and Change, but from oue to 
three days after. The corrected or " Mean Establishment of the 
Port" is the mtcrval between the time of the moon s transit amt 
the time of High Water on that particular day which corre^pomd* 
to the day of Full or Change, and may differ conriderably from 
the Vulgär Establishment The Mean Establishment tnav bc 
approximately determüied by noting each day, for a fortnight, 
the interval between the rnoons transit and succeeding Iligh 
Water, and taking the mean of them. Thos* are bermod fonWdat 
intermh, and the differmee botween the greatest and least is 
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termed the semi-mensual, or eemi-monthly inequality of Times, üemi-mensna] 
This inequality, unfortunately, is not the same for each place; ** 

hence the time of High Water at any place cannot always be 
aceurately deduced from that at any other place, by merely apply- 
ing the difference of time between their Establishments. 

In like manner the semi-mensual inequality of Ileights forbids somi-mensnai 
the height of the tide at any one place being correctly inferred ** 

from the given height at any other. 

Owing to this semi-mensual inequality , the time of High Water, 
as deduced from the Vulgär Establishment, is open to an error 
amounting in extreme cases to a couple of hours: it is therefore 
to be regretted that, from insufficient data, the Admiralty List 
does not give the Corrected Establishment for every port men- 
tioned, nor indeed does it always specify which is whicb. 

This, however, is a defect which, as our tidal knowledge of out- 
of-the-way places becomes more complete, will be more or less 
rectified each succeeding year. In the meantime, it may generally 
be accepted that the Tide Hour of all the Home Ports, and that 
of the principal ones abroad, is represented in the list by the 
Corrected Establishment 

Where the tades are pretty regulär, which is mostly, though not 
always, the case round our own coasts, the table on next page may 
come in useful when it is required to know the depth of water 
over a rock, bar, or bank, at some particular hour of the tide. 

If the Rise for the day is not exactly known, it may be inferred How to ®«ti- 
from the Spring and Neap Rise given on the chart. For instance, biso for tho 
if the Mean Spring Rise at Devonport Dockyard is 15£ feet, and ***• 
the Neap Rise 12 feet one might fairly assume the Rise midway 
between Springs and Neaps to be about 13J feet. 

From this can be deduced the ränge for the day as follows:— 


Mean Spring Range or Rise. 

«AsBumed Rise for the day. 

Difference. 

Aasumed Rise - Diff = Mean Range for the day 


FT. IS. 

15 6 TT. Ilf. 

13 9 . . 13 9 

19 .. 19 

.12 0 


The following Table shews the approximate height of the tide 
in feet and decimal parts, for any time before or öfter High 
Water, at intervals of twenty minutes :— 
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The nuge for the day ia to be sought für in eitber «de coluran, and the required 
quootity will be foond ori the sums horizontal line under the givtn time frem High 
Water, The table in unly »uitable to auch places aa h&ve regulär tide*. 



Tabls iheW' 
lug the Depth 
of Water over 
the Plaue of 
Reference ab 
Äsy glven 
time of Tide. 


Eümple 
ahewiug how 
to and the 
Deptb of 
Water over m 
rock »t aoy 
giveu time of 
Tide. 


To sce how the Table will compare with the one (B) in the 
Adoriralty list, which is speeially drawn up for use with the 
IieighU giveu in its own columns, we will create and work out an 
cxainple or two by both methods. 

The Pollock Rock, in Hamoaze (Plymouth Sound), has IS fbet 
oü it at Uean Low Water Ördinary Springs: What depth will 
theie be over it on the 9th of Deceinber, ISbl, at 2h. lüin. aftcr 
High Water iu the afteraoon ? 

° rr. m. 

Entenng the Table with 12 feet aa the MStnnad Range for the 

d»j t and 2 h. tönt after HW, we find by inlerpoUUuD , , S üj 


Depth on the rock at L.W.O.SL . . . . *.IS 00 

DStt between M.S.R and Eise for the day t 9 


Depth orer the rock on Decetnber Öth, at 2h. IQul öfter H-W, . 28 3j 
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According to Admiralty Tables. 

ft. 1 *. 

Hdgtat of Tide abora the mean levol of L. W. O. 8., by the Tables (page 90» 


Deoamber 9th, 1881.1* ® 

w«» Mean Spring: Bang« (gtren at ( 00 t o( same oolumn).70 

Haigfat of H. W. abora half tida or mean lerel of the aea, Deoamber 9tA 6 0 

rr ik. 

Half Meaa 8pring Range.70 

By Table <B) «ft Oin. and 2h. 10m. gire.0 6 

Depth on the Rock ai L. W. 0.8., aa per chart.18 0 

Depth orer the Rock on Deoamber 9th, at Sh. 10m. after H.W..08 8 


In this example the difference is only half an inch, which is 
not worth talking about Let us take another, where the datum 
line for soundings is the low water level of Equinoctial Springs. 

According to Admiralty Plan No. 2011, the Stag Rock in Example 
Holyhead Bay carries 13 feet over it at Low Water. The same nane S^ta- 
plan contains a notice that "the soundings are reduced to 
Equinoctial Spring Tide of 20 feet, which is about 2 feet lower level of L. w. 
than the Ordinary Low Water Springs.” What depth will there °* B * 
be over the rock on the lOth December, 1881, at lh. 40m. before 
H.W. in the afternoon ? The plan gives the Mean Spring Rise 
as 16 feet, and the Neap Rise as 12$ feet; accordingly, the rise in 
Holyhead Bay on the day in question may be assumed as 14} feet 
above the level of Mean Low Water Ordinary Springs. This 
would give 12} feet as the ränge for the day. 


btartng the Table with 12^ feet u the aaeumed ränge for the day, and lh. 40m. 


before H.W.. we find.10 8 

Depth orer the Bock at L.W., Equinoctial Springe.1$ 0 

Equ i noc t ial Springe lower than Ordinary Spring«.20 

Dlff. between M. 8. R. and riee for the day - .. 

Depth orsr the Stag Bock on December lOth, at lh. 40m. before H.W. . . . 27 0 


According to Admiralty Tables. 

Hsight of H.W. by the Tables (page 95) abore the mean lerel of L.W. Ordinary 


Springe, December lOth, in the afternoon.14 8 

Half Mean Spring Bange.. o 


Helght of H.W. abora Half-tid« or Mean Sea Level, December lOth . - 6 8 


rr. nr. 

Half Mean Spring Bange.. 

By Table (B), Oft. Sin. and lh. 40m. gire.. 11 

Depth orar the rock at L.W. Equinoctial Springs, per chart.18 0 

Equinoctial Springs lower than Ordinary 8pringB.2 0 

Depth orar the Stag Rock on December 10t h, at lh. 40m. before HW. - • 26 11 
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What will be the depth over the Stag Rock at Mean Low Water 
Ordinary Springs, Mean Low Water Ordinaiy Neaps, and Low 
Water of Equinoctial Springs ? The plan gives the neap ränge m 
9 feet. Work these out by way of practiee, and if you do it 
correctly the answers will be,— 

FT, IN. 

Depth over tho Sing Rock at Mean Low Water, Ordinary Neaps 18 6 

11 » n n ft *f Spring» 13 0 

» *, „ „ Equinoctial * 13 0 

The following diagram shews the graphtc method by whieh the 
preceding Tidal Table is eonstructed* It is given here in prefer¬ 
ence to the method by calculation, whieh last is not nearly so 
instruetive, 

To construct the diagram in the first instance, Draw a vertical 
line as a Tide Gauge to re present the given Rise, say 50 feet 

For the sake o£ accuracy, choose a fairly large seule for your 
diagram: -jV of an inch equal to a foot, is a very convenient size, 
If you should adopt this scale, the vertical line will be exaetly o 
inches high, since 5 tens are 50. With an ordinary boxwood or 
ivory plotting scale, tnarked decimally, divide the Tide Gauge into 
feet, working frorn the hottom upwards, Then from the 25 feet 
mark as a centre, describe a circle, with a radius of 2\ inches* 
Divide the right and left band semicircles, eaeh into 18 equal 
parts, by stepping round them with a pair of dividers. These 18 
parts will represent hour& and thirds of an hour between High 
and Low water, the duration of a tide being taken in round 
numbers as 6 hours, whieh in practice is sufficicnt Name them 
ns shewn in the diagram, 

Connect similar intervals on euch «de by parallel horizontal 
linear where these lines cut the Tide Gauge will be found the 
height corxesponding to the time of high water. For instance, 
the line indicating 4h, 20m* before or aller high water, cuts the 
Gauge at 8 9 feet, whieh accordingly would be tho depth above 
your plane of roference (Mean Low Water Ordinary Springs) at 
that time of Tide, 

Tliis particular circle only sbews the tabular valucs for a Rise 
of 50 feet To fill up the renmmder of the Table, a circle must 
be drawn for each Rise given in the aide columiL 

In the diagram here given, the lines outaide of the circle— 
above, below, and to the left—hnve nothing whatever to do with 
the construction of the Table. They are inerely introduccd to 
assist the Admiralty diagTam on page 18fi in expl&ining the 
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me&ning of fche v&rious terms employed in conuection witli the iniiu«noe of 
0 r ^ tldes ln 

Height, and Rise and Fall of the Tide. reurdin* th« 

In a foot-note to page 252, some slight reference is made to the tll6 

frictional effect of the tides in retarding the rotatory motion of earta. 
the earth. The writer thinks that, by way of a fit conclusion to 
this chapter, he cannot do better than quote Professor P. Q. Tait 
on this interesting subject* Speaking of Sir William Thomson’s 
reasoning as to the probable age of the earth, he goes on to say:— 

"The second of these arguments of Sir William Thomson 
depends npon the tidal retardation. In my first lecture I men- 
tioned to you that there was such an effect, and that it had been 
actnally observed by astronomers in a very peculiar way; because, 
on calculating back from the known present motion of the moon, 
it was found that there must be some unrecognised peculiarity in 
that motion which had not been deduced by calculations founded 
npon gravitation, either as attraction or as disturbance. The 
moon, in fact, seems to have been moving quicker as time 
haa gone on, since the eclipses of the fiftli and eighth centu- 
ries before our era The only way, as Laplace put it, in 
which it could be accounted for in his time, was by what 
he called ‘secular acceleration of the inoon’s mean motion/ 

In other words, the average angular velocity with which the 
moon moves round the earth appears to have been increasing 
for the last 2,000 years or more. He shewed that there was a 
mode of accounting for this by planetary disturbance of the 
earth’s orbit; and, as calculated by him, this explanation seemed to 
account for exactly the amount of acceleration which was observed 
in the moon’s motion. Using his formulae, and the numbers cal- 
colated from them, and working back to those old days, we find 
we arrive at almost the circumstances of those eclipses, as 
described by historians. 

m Fortunately, Adams, a few years ago, revised Laplace’s investi- 
gation, and found that he had neglected a portion of the necessary 
terms, and that the explanation given by Laplace, when properly 
corrected, accounted for only one-half of the phenomena observed; 
so that there still remained one-half of the quantity to be 
accounted for. This could not be accounted for by the disturbance 
of other bodies attracting the moon. Why, then, does the moon 
appear, every revolution, to be moving faster and faster round 


• See p*g« 170, H sequitur, of Recent Adoance» in Phynicai Science. Hy P. G. Tait. 
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the earth ? Well, the only way in which we can explain it, after 
we have made ©very possible allowance for effecta of disturb&nce 
hy other planets, is aöroply to enquire—Does our measure of time 
continue the same 1 

u We me&sure the time of the inoon’s Revolution in terms of 
hours, minutes, and seconds; bat thesa hours, minutes, and 
seconds are measnred for i?s not by our clock s, as you tmiy at first 
thiök. We set our clocks by the earth’s rotation, and, thereforo, 
it ja in terms of the earth’s rotation that we ineasure the tim© of 
the moons revolution round the earth. So that the moon will 
appear to be moving quicker round the earth, even supposing her 
orbit be altogether undisturbed, if the earth itsclf, which is 
furmshing the unit of tim© in which her revolution is to Ins 
measured, is rotating frl >wer and elower from age to age* 

'* Then comes the question, Is there a cause which tende to 
slacketi the earth s rotation? Newton laid it down, in his tirst 
law of motion, that motion unresisted remnins uniform for ever; 
and referred to the earth ns a particular instance, where there is 
uothing in the attraction of the sun or moon, or the disturbanc© 
caused by any of the other planets, affectiijg the rate of its rota- 
tion about its axis. 

“ ßut it was left to Kant, first of all, to pöint out, aivl even to 
approximate in amount to, a rcsistance to the eartha rotation, 
d ue to the tide-wave j and to shew that the earth—because th© 
tide-wave is lifted up towards the moon, and on the opposite sid© 
from tho moon—h&s constantly to rotate inside what is practically 
a friction-brake. The water is held back by the attraction of the 
sun and moon, and the earth has to move inside this shell of 
water. There is, thcrefore, a aource of coustant friction, and 
friction, of course, conatautiy produccs development of heat 
The lieat must be accoimted for by some energy transfornicd, 
and what is here transforined is pari of the energy of the earth a 
rotation about its axia !So long as tides go on, there w*il 
tberefore bc eonst&utly a retardation of the rate of the earth’* 
rotation. 

“ Now, let us see wheu this relaxation of the earth’s rotation 
wimhl ecuse Obviously this would be at the instant when tho 
earth at last ceased to rotate within the tide-wave ‘ in other 
worda, when the tide-wave totales along with the earth—when 
it is always full tide at one and the saine portion of the earth * 
surf ace—tho tide-wave being fixed (as it wert 1 } upon the earth’s 
surf&ca Rut the tide-wave is always, approxiinatcly at taut. 
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directed towards the moon, so this part o£ the surface where the 
tide-wave is fixed for ever must be constantly turned towards the 
moon. In other words—if there were no sun-producing tides, 
but the moon only, the final effect of the tides, in stopping or 
quenching the earth’s rotation, would be to bring the earth con- M<x » tunui 
stantly to turn the same portion of its surface towards the moon, lta&xjjwhUft 
and therefore to rotate about its axis in the same period as that 
in which the moon revolves about it. This m »st remarkable uon round 
ultimate effect we see already produced in the inuon,—it is pre- *** eartt1, 
cisely the same thing,—we see the moon turning almost exactly 
the same portion of its surface to the earth at all times. The 
little deviation we see occasionally is precisely accounted for by 
the fact that the moon’s orbit is not exactly a circle, and there¬ 
fore the moon does not move in it with the same rapidity when 
it is nearest the earth as it does when it is furthest away from 
the earth. We are thus, as it were, enabled occasionally to see a 
little round the corner. The moon is now rotating precisely in 
the way in which the earth will in time rotate, when as much as 
possible of its energy of rotation is used up in producing heat by 
tidal friction. And that the moon should already have come into 
this state so long before the earth has arrived at it, need not sur- 
prise us. The moon s seas (when she had them) were of molten 
lava,—far more viscous than water; and the tide-raising force on 
her surface depended on the mass of the earth, some eighty times 
greater than that of the moon, which is the main agent in our 
comparatively puny tides. 

" It being thus established that the rate of rotation of the earth D®<taction r 
is constantly becoming siower, the question comes: How long ago ° * 

must it have solidified in Order that it might have the particular 
amount of polar flattening which it shews at present ? Suppose, 
for instance, that it had not Consolidated less than a thousand 
million years ago. Calculation shews us that at that time, on the 
most moderate computation, it must have been rotating at least 
twice as fast as it is now rotating. That is to say, the day must 
have been 12 hours long instead of 24. Now, if that had been 
the case, and the earth still fluid without, or even pasty, that 
double rate of rotation would have produced four times as great 
centrifugal force at the equator as at present, and the flattening 
of the earth at the poles and the bulging at the equator would 
both have been much greater than we find them to be. 

" We say, then, that because the earth is so little flattened, it 
must have been rotating at very nearly the same rate as it is now 
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rotating when it became solid Therefore, as its rate o( rotation 
is undoubtedly bccoming slower and slower, it cannot have been 
many millions of years back when it became solid, eise it would 
have solidified into something very mach flatter than we find it 
That argument, taken along with the first one, probably reduces 
thc possible period which can be allowed to geologists to some¬ 
thing less than ten millions of years.” 

The foregoing is certainly very wonderful, and philosophers 
may be correct in their surmises as to the age of the World, bat 
who shall say how far distant is the end 



CHAPTER XVII. 


FOG AND FLOATING ICE. 

It has been scientifically demonstrated that the air is capable Retention of 
of taking up a ceriain amount of moisturc, and of retaining it2J lst1l^ • 1,l 
suspended in a perfectly invisible gaseous state. As a matter of 
fact, the ordinary atmospheric air we breathe contains at all times 
more or Iess water so suspended. The higher the temperature of 
the air, the greater its capacity for the retention of water in this 
invisible form. 

Steam, which is nothing more than water at a high tempcra- ßtoam—wnat 
ture, and in a gaseous state, is quite invisible so long as it remains 
as such; but the moment it comes into contact with anytliing 
cold, it gets more or less Condensed, and shews itself as a white 
vapour, to which Dr. Tyndall has given the suggestive name of 
water-dusL 

This fact is strikingly illustrated by a working model of an oiasi model 
engine and boiler, both made of glass, in which, although 
water is seen to boil, no steam is visible, and the engine moves 
apparently without cause. After passing through various parts, 
the steam finally enters the condenser, where it is at once chilled 
and rendered visible by a jet of cold water. 

When air, whatever may be its temperature, is fully saturated 
with water, and will hold no more, it is said to be at the “Dew- «new-point.* 
point.” Now, this point being reached, if the temperature be 
lowered in any way, the moisture loses its aeriform character, and ' 
is Condensed into white vapour, termed cloud when high in the 
heavens, and mist or fog when near the earth’s surface. 

The sea is the great distillery or place from which water is 
drawn up invisibly, in its purest state, into the air; and this is 
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cbiefly the ease in the seas of the tropics, because tbere the mm 
shines with most power all the ycar round, sending a constanc. 
succession of heat-waves to shake the water-partieles asuuder 
It has been found by ex per i ment that, in Order to turn 1 llx of 
water into vapour, as much heat must be used aa is required to 
Hielt 5 Iba of iron; and if onc cousiders for a moment l»ow diffi- 
cult iron is to inelt, and how an iron pukcr can be kept in the fire 
aud yefc remam solid, it helps to realize how much heat the mn 
must pour down in Order to carry off such a contimious supply of 
vapour ns that which afterwards appears to us as rain, eloud, or 
fog. 

This latter result, so very erabarrassing at sea, is produced in 
a variety of ways, and not mfrequently—stränge though it mny 
appear at first thought—by quite opposite conditions, which, how- 
ever, it will be seen are obedient to the saine law. Thus, when 
wann air saturated to the Dew-point" passes over cold water, 
the temperature of the air is reduced* ita moisture is Condensed, 
and fog is the consequcnee* On the other hand, when a cold 
wund blows over relatively warm water, the in visible vapour 
risirig from the water is ehilled, with predsely the same result 
We have a familiär cxample of this latter mode of fog production 
each time we take a hot bath, and may notice how, in enld 
weather, much more vapour appear $ to rise from the water. 
When a deep ocean current is opposed by a shoal—such, for 
exainple, as the Banks of Newfoundland—the cold water from 
below b driven to the surface; and should it happen to be ander 
the “ Dew-point M of the air, fog is the inevitable result 

Another cause of fog is the interlacing of current* of greatly 
varying temporatures, such ns are often to be inet with in the 
Gulf Stream, Lastly, it must he borne in mind that a bank of 
fog may bo drifted by the wind to a cotisiderable distance from 
where it was origiimted, and encountered by the mariner at a spot 
wherc tliere is little or no difference betweaa the temperature^ of 
the air and surface water; but such fogs nirely last Iong> 

Much has been done by various maritime govemments to 
rnodify the difficulties which fog presents to navigatiom There 
are others, bowever, which can ouly be overeome by great vigi- 
lance on the part of the mariner himself. Some fogs—probably 
when the water is colder thaii the air—have a tondency to lie in a 
thin stratam, which extends but 30 or 40 feet above tho surface. 
In such coaes it is quite possible to see over it by ascendiog to tho 
masthead, from which position wo may discoru land, feeberg», or 
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the maste of other vessel*, when they are quite concealed to those 
on deck. Attention should therefore be paid to this point when 
sailing in £og. On the other hand, there are fogs which do not 
assume any great density until they have attained several feet of 
elevation; in which case, of course, it is advisable to get as low 
down as possible, when objects near the surface, such as rocks 
and hulls of vessels, may be made out at a distance of half a mile 
or more. 

Some coasts are particularly exposed at certain seasons of the Fogbosot 
year to visitations of fog. This is markedly the case along the 
coasts of Chili and Peru. But where the water is very deep close 
up to the shore, and, consequently, the lead next to useless, there 
are frequently high cliffs, and the coasting captains running 
between ports only a short distance apart, have no hesitation in 
cautiously approaching them at very slow speed, knowing that 
with a good look-out either the roar of the surf, the “booming” 
of the waves against the cliffs, or the echo of the steam-whistle 
will be heard in sufficient time to warn of danger. Indeed, 
ßometimes, after groping carefully along, it is only by the cessa- 
tion of sound shewing a break in the coast-line, that it is known 
that the vessel has reached the entrance of the port. Of course 
such things were only done in small paddle boats, by men who, so 
to speak, knew every foot of the coast, and were well acquainted 
with the speed of the vessels they commanded. 

The approach to the eastern coast of Patagonia, which is asigns 
weather shore, is frequently notified by the strong smell of the 
wood and turf fires kindled by the natives. Although in lAtfwe&tber 
instance the lead is a reliable guide, owing to the moderate depth 8hore * 
and gradual shoaling of the water, which also gets smoother under 
theleeof the land; in like manner, during a hazy night, the writer 
on one occasion was apprised of his near approach to an island of 
the Cape Verde group (Santa Lucia) by the Trade wind coming 
down to him richly laden with the scent of the orange groves. 

The setting in or cessation of a ground swell, or a change in the 
colonr of the water, will sometimes notify as to whether the ship 
is on or off soundinga 

All these are indications which the navigator with his senses 
about him will be fully alive to; while a dull man will let them 
go by unnoticed, and possibly come to grief in consequence. 

In the home coasting trade the rule is—“ See everything as coasting rulo 
yon pass itand this is clearly the right thing to do when the for t* 1 ®* 
weather is not so thick as to prevent objects being made out in 
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ainple time to avoid thein, and when the nature of the sbore 
admits of its being mode free with, ns it is dangerous to play 
with edge-toola Take care, however, th&t a realh/ good look-out 
is kept, and the tead neuer out of Hand By obejing this old- 
fashioned rule, tlie navigator is able to verify bis reekoning from 
time to time, and get a fresh departure—a matter of no small 
value where tides run strongly, and it is important to gain a 
port at a certaiu time. Shoüld thte be neglected in narrow 
waters, and the fog abut down for a "full due" it is more tban 
probable, in seeking to give danger a wide berth on one side, yon 
will run into it on the other. 

When tbick fog hos lasted sorac Iittle time in a chaunel boset 
with shoals and swifWunning tides of great ränge—-such, for 
example, m the Bristol Channel—tlie best of navigatora is apt to 
AdYiia&mty lose the tun of bis position. In such casca the wisest plan 13 to 
la f(^ hortnir tmckor while therc is plenty of water nnder the vessel’e koel It 
is sure to elear up before it comes on to blow with any forca 
At any other time of ancboring than Low Water, do not formet 
to allem for the fall of the tide . In tlie eastcrn entrance of 

Magellan Stroit, for example, where the rise and fall is 40 feet, 
and in the Bay of Fundy, where it is yet grcater, it wotild not do 
to bring np at high water in less than eleven or twelve futhoma 
Southern-going vessels bound down channel, with a fair wind, 
will gain Iittle or nothing by bugging the shore in thick weather. 
All tkey mjuire is to shape a mid-ehanncl course, keep the lead 
going, and get out to sca as soon ns possibla Again, there is no 
excusc fi»r a man who gets bis ship ashore by running close along- 
side a nearly sfraight coast for bnndredfl of indes with out being 
required to call at any port, and with open water all the time on 
the other side of him. It is neeewary to discriminate in th mm 
mattem What is proper and neceaaary in the one cnse, may be a 
tbolhaidy risk in an other. 

High sin A Ingli rate of epeed in a fog cannot be justified by iiny proccss 
fog mnasU- rtaaoning whataoever* Altem pta huve often becn müde to do 
it; but non© of the Arguments brought for ward will hold water: 
and ho who rnns blind ly on at such tinies, cspecially when near 
lnnd f and trusting solely to that " stupid nid pilot Dem 1-Rcckon* 
ifig, is cuijMible in the high es t degree. With pro[»er prccautions 
and blow speed, veasels can be navigated in a fog with a cloae 
Approximation to absolute; safety, so far as the risk of getting on 
shore is concerned ; but there will alwaysbe the danger of collbion 
with another veaael, which is even more to be feared 
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Within fcbe past few years, many of the more prominent head- Fog sig&&it-~ 
Innds and turning-point* have been marked by the establisbment 
of fog signals, such as guns, steara-trumpets, or sirens, and explo¬ 
sive rocket»; while less important shoals have been indicated by 
automatic signal buoys, set in Operation by the action of the 
waves. All these are of the greatest possible servico. 

Ou one occasion the writer left Liverpool in a dense fog, being Exampie of 
guided to the Crosby and Bar lightships by the steam trumpets JJj* n*fig** 
with which these vessels are fitted. The Skerries were rounded 
at a distance of three miles in the earae manner, the blast of the 
steam trumpet being audible at double that distance; and when 
off Holyhe&d, the reflection of the flash of the fog-gun was dis- 
tinctly and repeatedly seen in the sky at an elevation of about 
30°; tbis permitted its bearing to be taken, and by listening for 
tbe report, and counting by Chronometer the number of seconds 
(twenty) which elapsed, the sliip’s position was fixed equally as 
well as cross-bearings could have done it in clear weather. For 
such observations it is sufficiently coiTect to allow 5 sec. per rnile 
as tbe velocity of sound. Of course the lead was kept going 
unremittingly, and when the depth rendered the hand-lead use- 
less, even more accurate casts were obtained with Sir William 
Thomson’s invaluable sounding-machine.* 

Allied to fog is the question of danger from ice. It is a populär Approaeh to 
delusion among passengers on board sliip, that by taking theJ^^^J^’ 
temperature of the water at short intervals, the approach to ice is tomperaturo. 
unfaiiingly indicated. Unfortunately, such is by no means the 
fact, and it is time the idea was exploded. More than ordinarily 
cold water merely shews that the ship is in a part of the ocean 
wbere ice may possibly be encountered, and not that it is actually 
present, 

The well-known Labrador Current, for example, is a cold stream 
flowing from Polar regions, and carrying with it, during spring 
and summer, enormous quantities of field-ice and bergs, which 
come down from Davis Strait It is not the extra-polar ice, how- 
ever, wbich causes the cold current, although it is the cold current 
wbich brings down the ice; consequently, the experienced navi- 
gators of the North Atlantic know full well when the water 


* From receut investigations it appears that whilo the mariner may usually expeot 
to hoar the aotwd of the fog-signal normal ly as to force and place, he should be 
prepared for oocasional aberrationa in audition. When approaching a fog-signal from 
to-wind ward he should go aloft; and when approaching it from to-leeward the nearer 
he eaa get to the surfaoe of the water the sooner he will hear the sound. 
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temperature falls to the eastwurd of the Banks, timt it is necessary 
to be on guard against the posslbility or probability of meetmg 
ice. according to the time of year 

By kind permission, and on the unexceptional authority of 
Captains Bai laut ine, Dutton, and Smith, of the Allan Mail Steam- 
ship Line, all men of high Standing in the professio», and well 
acquainted with ico navigalion, it is here stated that no appreei- 
able differeuce in the temper&Lure of the water ia eaused by the 
proxiinity of even the largest icebergs; and when one cousiders 
what a poor coxiduetor of heat water is, iheir Statement can be 
well believei 

ln conformity vvith what is k no wn as the law of convoction, 
water will tmnsmit heat readily enough in a vertieal direction. 
Thus when the liquid in the bottom of a veasel is warined by tire* 
it becomes speciflcally lighier t and aeeordingly rises and makea 
1*00111 for the colder surfaee water to flow down and fiU its place; 
tliis cold water gets heated in tum, and so contimially aseending 
and descending curraits are ereated, until the temperature of 
every part alike is rai*ed to the boiling point. The propagation 
of heat in a lateral direction does not take place in Um manner 
at all. Heat spreads sidevvays in water by catuluetion alone, a 
process whieb involves no transference of the particlea» and is 
very slow indeed as compated with the othor. 

For example, lim axis of the Gulf Stream in aome parts U 
made up of bands of warm water which altemate with cold 
ones, but, although running side by side, they do not cotnmmg!« 
Fm t her, the Separation between the deep blue watera of the Golf 
Streain and tlie cold counter-current which runs down in-sbore, i* 
often so well dellned, that a ship niay be saüing in both at tim 
same morn ent From J ta being so steep-sided, the inner current, 
at line of ineeting with the Gulf Stream, Um received the iiaine 
of *' Cold Wall/ 1 and hos been known to differ 30' in temperature 
from tlie one runuing dose alongside it 

On the other hand, if the Aretic Current poiuts to a region where 
ice may be expected, it by no me aus follows that it will not bo 
encountered in the Gulf Stream, as bergs have been paaaed not 
ordy i?i the stream, but actually to the south ward of it, having 
beeil carried there by the loircr ocean currenta The posaibility 
of this will l»e rocogniaed when it is stated as a matter of certainty 
that icebergs are sei dom auhmerged to a less extent than J of their 
whol© ma*s, and often Limes mach raora Tbus one 15 fnthom* 
high would ordinär!ly ground in 100 fathoms of water. Tliis 
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measurement is readily derived from the relative specific gravities 
of fresh and salt water, and the fact that the volume of water is 
increased 10 per cent when freezing. With the Barometer at 
30 in. and Fahrenheit’s Thermometer at 60°, a cubic foot of sea 
water weighs 64*18 lbs., a cubic foot'of fresh water 62 50 lbs., and 
a cubic foot of ice 58*08 lbs. 

Temperature is an important element in this calculation, as it 
causes the density both of water and ice to vary considerably: 
thus tbe specific gravity of fresh water is greatest at from 39° to 
40° Fahr., and ice reaches its maximum volume at 24° Fahr., below 
which it contracte. lt is capable of proof that, from this cause, 
ice at 16° Fahr, will sink in water of 50° Fahr.* 

The same phenomena take place with other substances; for 
instance, solid cast-iron will fioat when put into molten cast-iron 
at a comparatively low temperature; but if the molten cast-iron 
is at a white heat, the solid iron will sink. 

To revert to the thermometer as a means of detecting the 
presence of ice by a fall in the water. In a letter to the author 
Sir William Thomson says:— 

“The conducting power of water is so small, that there would ßlr W. Thom- 
be absolutely no cooling effect by conduction to a distance from 3t!cttng° a 
an iceberg, but there might be a considerable effect by the cold Power of 
and light fresh water running down from the iceberg, and spread- WÄt#r * 
ing far and wide over the surface of the sea.” 

This seems a reasonable supposition, but it is more than likely 
that the film of cold fresh water would be broken up by the 
agitation of the wind and waves, and, in any case, disturbed and 
turned over by the plough-like action of a vessers bow going at 
speed. 

Again, it is well known that, about the Banks, the Labrador 
Current is sometimes colder when 110 ice is to be seen, than it is 
when the contrary is the case. In winter it even falls to 30° 

Fahr.f Large icebergs have been actually passed at a distance of 


* Sm water differs from fresh water in that it contiuues to increase in density as 
the temperature is lowered, tili freezing takes place. 

flu a letter to the writer on the same subject, Captain II. Toynbee, F.H.A. q ., 
Superintendent of the Meteorological Office, says “ As to your question wbether the 
thermometer indicatee the neighbourhood of icebergs 1 I fancy it depends upon 
wbether the ship passee through water whkh has been lately in contact with the 
iceberg or not. For instance, running before the wind and approacbing an iceberg 
ahead, you might ezpect the water to get colder as you closed with it, and got into ite 
w*lre ; but I think in other casee it would not be safe to truat to the temperature of 
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atiy time on a dmr night—especinlly if the moon he up—in 
obfcuining all he may want in the way of reliable sighta* 

Youngsters frequently display no little aptitude in bccooiing 
aequaiuted with the stars and planet». This ahould always ho 
encouraged, and onc© fairly entered on the subject, they will find 
the study of the heaveua a most absorbing as well as profitable 
occupation during the long hours of the night watehea A mate- 
piwüsphw, rial help to the practical part will he found in the PUtilsphere 
pnblished by Mrs* Janet Taylor, whieh is one of the best of its 
kind 

In learnuig to reeognise these bodies, it is just as weil t<> throw 
on cne side as useless—indeed, as misleading—the absurdly gro- 
tesque names of the constellations given to them by the ancicnts. 
It is much beiter to engraft them on the memory by aid of the 
leas fanciful figures, such as squares» triangleo, whieh form 
leading marks tu the principal uavigational stars, of whieh there 
are sorae fifty-five or sixty, 

There is no part of our entire subject whieh the autbor is more 
* anxious to press upon the attention of the navigator than this 

matter of star observation. 

No reason exists why every man in commaud should not be 
thoroughly proöcient at it it is with in the reach of oll who 
choose to try; there are, however, men afloat who won*t try ( and 
who for downright, doubl e-barrelled, coppor-bottomed, bevd~« 4 dgi*i 
bigotry are tnatchless in all other profeMoua For such as these 
this book is not written, as they are bopeless cases, whose pig* 
headed obstmucy is only equalled by thoir ignorance* Happiiy 
th© dass will soou beeorne extiueb 


It is a tru© saying that 11 there is no royal road to learning." 
Everything requires more or less trouble in its ettaimnent liut 
for the eneourageraent of those not y©t posted in navigation by 
the stars, the writer am promise that wben once they have taken 
up the subject with a fixed determination to master It, they will 
bo agreeably astonished at huw rapidly the dreftded difiieukits 
deriFftd^rrom disappear, and their lahmt rs he re ward ed by the feeling of 
bffingramiuu comfort, and saving of aoxiety at criticnl times, affonlcd by the 
Problems certain knowiedge of their ships wberrabouts. 


* Id Connection with thb it it inUreiüßg to Jcno» tfcwt, with th« aid of * 

tmtll ofttronomiofel tolt^oop#, lUn nt* 0/ fV Uurr mnpmUtiin duüactlj vkini« 
the eotifw } but th**® in the ncighfcrtirhood of the tun c*n onJv U 
di««enid by ibü m >rv peerfnl tmlruiiwiitt of nhemfiturki* 
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This aecond parfc of the book is essentially one of figures, and 
it is desirable at the coramenceraent to dwell upon certain im¬ 
portant points in eonnection with their application. 

The writer has frequently seen young ofiicers laboriously work- Needie««!y 
ing out their sights, schoolroom fashion, to the nearest second, and tecond«. 
flattering themselves that because they had done so, the rcsult 
must be equally accurate. This, however praiseworthy in other 
respects, would ofttimes shew an ignorance of governing principles 
which it is one of the objects of this book to seek to remove. 

Raper, in the preface to his unsurpassed work on Navigation, 
says:— 

41 Very indistinct and erroneous notions prevail among practical Raper*« re- 
persons on the subject of accuracy of computation; and much 
time is, in consequence, often lost in Computing to a degree O f laworkln *- 
precision wholly inconsistent with that of the elements themselves. 

The mere habit of working invariably to a useless precision, whiie 
it can never advance the Computers knowledge of the subject, has 
the unfavourable tendency of deceiving those who are not aware 
of the true nature of such questions, into the persuasion that a # 

result is always as correct as the Computer chooses to make it; 
and thus leads them to place the same confidence in all obser- 
vations, provided only they are worked to the same degree of 
accuracy." 

This idea is unhappily not confined to the youngsters of the 
profession: it has taken root in some of the older members as well, 
and it is therefore incumbent to write strongly against a fallacy 
which is dangerous in its tendency, and must frequently have 
contributed to fatal disaster. 

In all observations errors must be made : the best instrumenta 
have imperfections, and no man, however equable his temperament, 
can always rely on his making a proper use of his senses. 

It has been shewn, in previous pages, that there is often much ünoertainty 
doubt at sea as to the true place of the visible horizon, 8o^ e “^ of 
that the altitude is never free from suspicion of inaccuracy. In employei ln 
addition to this, other data, peculiar to the problem, may be 
more or less unreliable; for example, the latitude is often 
uncertain to three or four miles. In working out the time at 
ship, an error to this amount would, under some circumstances, 
falsify the longitude to a serious degree, whilst, in other cases, 
a similar error in the same problem would have no appreciable 
effeck 

Again, we have instrumental defects depending not only upon 
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errors in workmanship, but upon such as arise from temporary 
derangeraent due to a variety of causea* 

It is therefore neeessary, not only to exereise judgment as to the 
degree of cl ose-working auy given observation will ad mit of, and 
may require, but to endeavour so to select or combine problerm 
and methods, that the errors, of whatever na tu re they nmy be, 
will either neutralize each other in the final result, or so mi¬ 
ni istakeably declare themselves as to be capuble of easy elirniNa¬ 
tion. The precLse way in which this is done will be describcd 
under each different observation. 

The eixth chapter of Kapers Introduetion, wherein he treats of 
"limit of error ” and “degree of depcndence, 11 should be carefully 
noted in connection witli Lhis inost important subjeck 

Whilst the folly of working to seconds in the majori ly of cases 
is thus put before the reader, and the striving after an irapossible, 
though pretentiouSj perfection in so doing, is shown to be a snare 
and a delusion, it is by no means to be undcrstood that loose 
working, or a caretess and hasty rnnnncr, either of observing or 
Computing, should in any way be practised or tolerated. Oft the 
contrary, anytlung which can really increase the aceuracy of the 
observations, or the correctness of the position deduced from 
them, must be diligently sought for and applied. 

It is the possession of the requisite mental act&vity, or 
"capacity for taking trouble/* and the power of selccting the 
raost advantageom means out of the many at bis disposal, which 
constitute the real test of a rnans ability as a navigator, and 
sliew that bis knowledge is not superficial, but based on stricüy 
sound prineiples, which can not misleafL 

As a suitable finish to thesc remarks, it will probably not comc 
amiss to exphun what is meant by Parallax (astronomic&llv 
considered), and why, in pracfcical Navigation, it b unncccssary 
to take it into account except in rare instancea 

Lei us then imagine an inhabitant of the Moon to be reganting 
our Earth, which, for the time being, wo will suppose to be Im ly 
circular, and that a tiny speck indicated to tum the cxaet Centn- 
of its dtsa If now he were to measure with a sextaot the angle 
between this tiny speck and the E&rth’a limb, or in other Word*, 
the Earth's aemidiameter, he would obtain a mean result of rat her 


* With rto Ihne latber, it » liio p«juli*r*ty of frilretioitjicAl *jb**nr»4fcj«n 
to bv Uh# me&m of drigging t« light tll dcfw5t* ol m l 

»-■jintment tu itinIrttmenU, which \>j Ütnr miuuloooa« «lud* efir; &Üutr m 

tif tJoUolion. 
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less than 1°; or what is the same thing, a base line of 4000 miles 
would, at the Moon’a mean distance from the Earth, subtend an 
angle of nearly 1°; a simple problem in right-angled trigonometry 
which any one is equal ta 

Next let ns imagine onr friend with the sextant to have shifted Solar 
his observatory to the Sun, and from that far-off luminary to have 
repeated his measnre of the Earth’s semidiameter: this time, 
owing to the greatly increased distance, he would get rather less 
than 9* as its mean value, and these two angular quantities would 
respectively be termed the Moon's and Sun’s Geocentric Horizontal 
ParaUax . 

If, proceeding yet further, he winged his way to the nearest of stttiar 
the fixed stars—and, travelling as fast as light does, it would take PÄ^ * llÄX, 
him between three and four years to get there—our celestial 
traveller, on looking back for this world, which we think so im¬ 
mense, would find that it had disappeared by very reason of its 
insignificance.* But supposing it still discernible, and that it 
.could be watched whilst moving in its orbit round the sun, he 
would then be able to get the angle subtended by a straight line 
connecting the centres of the two bodies. This straight line, if 
measured when the Earth had reached its extreme point of travel 
either to the right or to the left of the Sun, would give the 
ohserver the very respectable base of 93 millions of miles. But 
notwithstanding the enormous length of such a base, the angle it 
would subtend at the place of the nearest fixed »tar would be less 
than V of arc, and would be spoken of as the Star’s Annual or 
Heliocentric Parallax. 

This will convey some faint idea of how far away in space that Diitaaoe of 
nearest star must be; expressed in words, it is about twenty BÄ>mlrtBr * 
billions of miles, whilst 

20,000,000,000,000 miles 

represents it in figures. In the contemplation of even these 
numbers the imagination is lost; how then if we seek to gauge 
the more profound depths of the universe ? 

The foregoing explains what is meant when allusion is made to 
the Moon’s Parallax, the Sun’s Parallax, and Stellar Parallax; 
but to determine the two latter is no easy job, nevertheless it 
must be done if we wish to know our distance from these bodies. 

We will now retum to mother Earth, to see in what way Paral- Parallax &a 
lax affects Navigation. 


9 The velücity of light is 187,000 miles per second. 
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In the theory of Nautical Astronom y—for certain m&theniutical 
reasons—all observations of the heavenly bodies are supposed to 
be made at tbe centre of our glühe, but as tliis is clearly impracfci- 
cable (except to gentlernen such as Jules Verne), an allowance bas 
to be made whieh goes by the general name of Paradox. In this 
conncetion, therefore, Para) lax is the angular difference between 
tlie Apparexd place of a heavenly body as seen by an observcr 
from any Station 011 the Earth’s surface, and its True position as 
supposed to be seen from the Eartha centre, 

With us angular altitudes of the heavenly bodies arc of neces- 
sity measured frora the Sensible Horbon, which is a plane passing 
through the eye of the observer at right angles to a freely sus- 
pended plumb-lme, whereas they ought to be measured from the 
National IlorUon, which is parallel to the other, bnt passes 
through the Earth’s centre. 

Now it bas been shewn that the distance of the fixed stars is 
so vast that to them our Sensible and Rational Horizons—though 
4-000 mües apart—are virtually one and tbe same thing t so that 
whcther a stellar observation is made at the centre or surface of 
the Earth matters not; the altitude in either event is exactly the 
same 

In the case of the Sun it has also been shewn that the grtate&t 
effect would be less thau 9", a quantity so small that in ship work 
it is not worth notice; and the snme may be said of the Planet* 
Bnt where our next-door-neighbour the Moon is concerned, P&raW 
lax is an important element, and cannot be disregardei There* 
fore, if altitudes of the Moon could l*e taken simultaneously from 
the surface of the Earth and from its centre, they would he found 
to differ considerabty, the altitude observed at the Earth’s centre 
being the trm one, and the greater of the two. The correction for 
Parallax, therefore, is always additive. 

If the observation were madc at the Earth’s centre just when 
the Moon happened to be in the Sensible Horizon of a spectator 
at the surface, this difference—arnounting to nearly 1*—would 
tben be termed the Moon P s Horizontal Purallax, and would be 
equivalent to the Earth’s semidi&meter &s measured with hU 
sextant by the “ Man in the Moon* 1 ’ 

As the altitude of a heavenly body mereases, the correction for 
Paradox decreases, until it abaolutely vanishes when the body 
reaches the senith. 

Except when the body is in the horizon, this correction is 
spoken of as -'Parallax in altitude," 
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From the foregoing we deduce the practical results that iu 
obserrations of the stars Parallax is totally insensible, and that in 
obeervations of the Sun or Planets it is so small that it may be 
M left out in the cold” without detriment to Navigation. The 
Moon, then, is the only body which is seriously affected by it, and 
as for this and other reasons we decided long ago to send the 
Moon to Coventry (except when required for Azimuths), Parallax 
may pack up and go with her. 




CHARTER II 
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LAT1TUDE BY MERIDIAN ALTITUDE. 

In setting about the working of any astronomical question in 
navigation, the invariable thing to eiart with is THE Greenwich 
Date.* All the elements in the Nautical Almanac are computed 
for noon at the meridian of the Royal Observatory at Greenwich, 
Consequently, if an observation be taken dsewhere , it becomes 
necessary to reduce the astronomical data of the calculation to the 
time at Greenwich corresponding to the instant of observation at 
the place where it is made. 

In the case of the problern under consideration, the only 
Nautical Almanac element which requires reduction is the suns 
declination. This is frequently done by inspection (Table XXI. 
of Norie) ; but the writer prefers, as the simpler plan of the two, 
to look at the Chronometer as soon as eight bells have been made, 
and from the Greenwich Mean Time thus found, to correct the 
declination (taken trom page II. for the month) by the hourly 
difference, in the same way as for an ordinary morning sight 

By this means, as the application of the correction is self- 
evident, there is less liability to mistake than by the use of the 
table—markedly so when the sun is very near the equator, 
and the correction for Greenwich time happens to exceed the 
declination itself. 

By reference to the explanation of Table XXI., given in another 
part of Norie'8 Epitome ; a rule will be found to meet this diffi- 
culty; but why burtben the memory with two rules, when one is 


* For quick reference to the Nautical Almanac , it is a good pinn, month bj month, 
to out off half an ineh or so of the top right-hand corner, ao that the book can at ooce 
be opened at page« I. and II. f*»r the current month. 
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sufficient ? The man who can correct bis declination for morning 
or aftemoon sights, needs no other method to enable him to cor¬ 
rect it for his noon observation; in each case the object is the 
same, and tbere is no occasion to alter tbe proce&s. 

In general, a little mental arithmetic is all-sufficient to calculate 
this correction, and at the sumraer and winter solstices, when the 
cbange of declination is slow, it can be taken out at sight 

It must be borne in mind that the right-hand page of the Hean and 
Nautical Almanac contains the elements for Mean time, and thatttaenagsila 
tbe lefb-hand page is adapted to Apparent time; consequently, 
whether the reduction in this or any other problem is to be made 
to Mean or Apparent time, the declination must be taken from the 
corresponding page. 

The column of Variation in one hour is only to be found on 
the left-hand page, and is common to both. 

In all the astronomical problems, it will be found handy to 
work by decimala Thus, to find the correction for 4 hours and 
6 minutes of Greenwich Mean Time, when the Variation of declina¬ 
tion in one hour is 43"*68, proceed as follows :— 

Hourlydiff. 43*7 

G.M.T.x 4*1 

437 

1748 Correction 

60) 179*17 (2' 59*'2 
120 


59 


In this example, the second decimal figure is dropped as being 
needlessly exact 

To find the decimal parts of an hour equal to any given number 
of minutes, divide the latter by 6. Thus 6 minutes equal *1 of 
an hour; 30 minutes equal ’5; 45 minutes equal *75; 3 minutes 
equal *05 of an hour, and so on. 

Some men drift into a very common though extremely repre- 
hensible habit of finding the sun’s meridian zenith distance by 
subtracting their noon altitude from the constant 89° 48'; and Ronga and 
this they do wider all circumstanees —whether they are standing 
on the bridge of a high-sided steamer, or the deck nearly awash 
of a coasting schooner—whether the sun is almost overhead, or 
only a few degrees above the horizon. Some do it through 
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Correction of 
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pure ignorance—uthers, because never h&ving taten tbe trouble 
to inveatigat© the matter, thiiik "it is ne&r enough/' But it 
ia not near enough; and the man who doea such a lazy trick, 
to save himself at most half-a-dozen figures, is not fit for 
command, 

The proper mode for sea practice, where conciseness 13 on!y 
second to aceuracy, is to make nse of Table IX, ha Notig'* Epi¬ 
tome, which, however, be it noticed, is calculated for ohsorvations 
of the lower limb only, 

This tabular eorrection eomprises the joint efftct of dtp, refrac- 
tion, parallax, and semi-diameter; but &s the latter is a variable 
quantity, depending upon the earths distance from the sun,* the 
eorrection requires to be itself corrected by another minor one, 
corresponding to the time of the year which is given at the foot of 
the table, These oorrections arc in miruites and tentha of arc j 
but if it be desired to reduce the tentha to seeonds, it is easily 
done by umltiplying them by G, thus: 7*3 is equal to T 18\ 

Therefore, to correet the observed meridian altitude, apply first 
the sextant iudex error, if any—which can alwaya be done 
mental ly—and to the result add the corrected correditm frorn 
Table IX, This amount subtraeted from 90° gives the zenith dis« 
tance, to which apply the reduced declination in the usual way. 


As an example of tbe consequences which might enstie from the use of this 
slipshod 80° 48', tbe very possible caso will be taken of a vcssel bonnd to 
Glasgow, eatering the North Channel in the moath of Deeember, To akew 
the ditierence, the latitudc will be worked both eorrectly and looeely. 


EXAMFLE. 

At noon on Snturday, December lsth, 1880, 0 30 p m m G.H.T. by Chrono¬ 
meter, being in latitudc by account 55* 30' North, and longitude by sccount 
7* 40' West, obeerved the meridian altitude of the sun'a lower limb to be 
Kf 51J'. No Index error. Height of the eye 32 feet Weather inctining to 
be thielt with passing drizries of rain; moderate gale at 81W,, freshening 
gradiially. 


Rough an J rwidy methori *np|K>4*d to bo 
“ (War enuUfU " 


ConaUnt .**... §ü* iW 

Ob«. Sltltod».,. 10 611 


Zen. 4M. . 7S‘wi p N. 

Decüiiatlon .23 2 ä1 8. 


Lttilada . lltf North 


Short hat 


fnrtboi 


Ol* . iltitnd*,.,. 10 * öiy 

CoiT.TibtelX = tf*T 1 . - 

AuxiJiar) oorr, ^ Ol f ^ 


l<r «y 
»0 


1 Um 41*t .. W ff ff. 

nedlititUon -. 33 »f B, 


Ttha }ar(tu4» „ Hs*rtli 


The diflerenoe in the work of the two methods amounU to ßm t*m 


* I he «arth u peaivit to tho tun during the iiorihtrrn rinttr. 
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the difference in the resulting latitude amounta to six miles, This, however, 
ia not all—mark what follows. 

About a quarter past ten same moraing, when the sun had an altitude 
of 8°, sighta were got for longitude, which were worked up as soon aa the 
neceaaary latitude had been obtained at noon. Now, at the time the aighta 
were taken, from the sun being so far to the southward, an error of one mile 
in the latitude used for the calculation would produce an error of exactly 
4' (minutes)* of longitude—in thia caae to the castward; and aince the error 
of latitude, as shewn in the preceding example, amounta to six miles, the 
eorreaponding error deduced from forenoon sighta would be 24' (minutes) of 
longitude, equal to 13$' (miles) of distance. Conaequently, the ahip would be 

miles further north and 13&' miles further east than her captain aupposed 
her to be. Now, aasuming the longitude at noon as determined by Chrono¬ 
meter to be 7° 25' West, and the latitude 55° 3l£' North, according to the 
“near enough ” method, the ahip would apparently be about 9' miles north- 
westxoard from Inishtrahull, whereas her trve position would be in latitude 
ßö° 37$' N., and longitude 7° 1' W., or some 14' miles to the north-east of 
InishtrahulL Meanwhile the weather rapidly gets thicker, but the captain, 
feeling satisfied with his observations, and knowing his Chronometers cannot 
“be “out” on the short passage from a North American port, runs on with 
confidence, only to.find, in less than three hours, his vessel a total wreck on 
the rock-bound coast of Islay.t In the Board of Trade enquiry which would 
“be sure to follow, the bewildered captain—if he survived—would probably 
aeek to account for the accident by an unknown error in the com passes, or the 
influence of a mystcrious current The Court, ignorant of the 89° 48' trans- 
action, would perhaps be equally puzzled to know how the ship got so far out 
of her couree after such an apparently good “ Fix ” at noon ; but in any case 
it would very properly suspend him for not having verified his position by the 
lead; and now that Sir William Thomson’s invaluable soundiug machine 
enables this to be done without stopping the ship, there is no excuse for the 
omiasion. Those who have a blind faith in “ sighta,” without understanding 
the groundwork of the thing, should take this lesson to heart. 


Doubtless to some the foregoing will appear an exaggerated 
case, but it is not so. Further, there are men holding Master s at noon— shiß 
certificates who are in the habit of applying the declination (as J^uoedt? b€ 
given in the Nautical Älmanac ) to their noon sight for latitude, oorreapond- 
without using any correction whatever for the ship’s longitude, Sewrichf 


• It will be noticed that the word u minutes ” ia used here inatead of “miles.” The 
latter would be decidedly incorrect. In sptahing of Longitude or the divisiont of the 
Sextant, it ia proper to say degreea ( 0 ), minutes ('), and aeccnda ("); strictly spe&king, 
the sam e thing appües to latitude also, but aa a mile of latitude and a nautical mile 
are practi cal ly the same thing all over the world, the looseness of expreasion ia in this 
last case more pardonable, 

f It could be shewn in the same manner, that if the altitude were but 1' wrong, 
aml the resulting error in the longitude happened to lie on the same aide as the error 
due to the incorrect latitude, the miatake in the ship’s position would be still greater, 
aince V of altitude in the caae before us is eqnal to 18® of time, or 44' of longitude. 
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or in other words, without reducing it io Greenwich time, They 
tliink that the precept, "At apparent noon,” headiog page L, 
means that tba sttbjoined deelmatioiis, &£, are good for noon at 
any place. 

One would imagine that, with the striet examlnations now in 
force, such misapprehension would he impossible, When we 
recollect, however, that many worth y young men brought up 
before the mast, have absolutely no groundwork of education, 
mtoff "topSia ailt ^ P 033 mert ^y by dint of Aard emmming, there is no longer 
ejEaminaUoii occ&sion to be surprised* Moreover, having obtained their certi- 
ae^recated, years may pass before they are called upon to fill a Posi¬ 

tion requiring oavigational knowledge; and in the interval they 
become rusty, and the most of what they have h arnt is forgotten. 

In the case of finding the latitude just given, it so h&ppened 
that the declination required no rcductiotL Let us, then, take an 
exarnple of a different kind, and work it as recommended for sea 
practica 

EXAMCLE IL 

September I5th, 1880, in longitade by Account 74® 30* Wett, the meridian 
altitude of © was 53* 52', the obaerver being North of the buh and the height 
of bis eye 24 feet Index error — 3" 24*, When the mn had ecBral to roe, 
the G MT. by Chronometer was 4h 54nu 10a frM. «une data Beqnired the 
ktitude. 


Declin, page II N. A, Sept isth 2' 47' 3'‘5 N. dtertating« 
Reduction for Greenwich dato * - 4 43 *7 


Corrtdcd declination . 2* 42' 19*'8 


Obserred altitude J) 53° 52' 
Index error . * * - 3$ 


53 48$ 

Oorrcction tablo IN* 4- lOj 


True Altitud e . , 53 59 
90 


Zenith diatance * * 38 t N* 
üorrected declination 2 42$ N* 


Var, in i hoor 57*11 
GALT, . * 4? 

5211 

23 L 6 

-correetion 

60)283*71( 4' 43'7 
240 

43 


Latitude 38* 43j J North, 


with lowaiti- When the suti's altitude is low, as in winter, it is advisable to 
lua^ 8 uppsr ¥ ° obaervc the upper limb, as being further removed from the in- 
luah. Huence of the excessivc refraction so caprieious near the horizon, 

It is true the ufter calculatiou in somewhat lengthenod by so 
doiug, and the ilifftrcnce of altitude is not much ; still, ovtry Httlc 
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teils, and a trifle in the way of extra labour, when a benefit is to 
be gained, should not be allowed to weigb for an instant. 

In the nse of the sextant, the observer should accustom himself 
from the commeneement to the inverting telescope. It is rather Invertin* 
difficult to manage at first, but practice makes perfect, and its telÄ-00p6 • 
superiority over the direct one is unquestionecL 

At sea, it is a good plan to carry a watch set to Greenwich h ade waten 
Mean Time. If a common one, it can be regulated every morning MeanSme!^ 
when winding the Chronometers, but if this be objectionable on 
the score of the watch’s value, it is easy to ascertain its error and 
make a mental note of it. This watch, then, becomes available 
for azimuths, ex-meridians, or other work where the exact second 
is not of consequence, and saves a journey to the Chronometer. 

To have it set to Apparent Time at Ship might at first sight be 
considered preferable, but a moment’s reflection will shew that 
this is continually altering, and in a fast steamer, on east or west 
courses in high latitudes, does so very rapidly, sometimes as much 
as 42 minutes in a day, so that the watch would never be correct 
for an hour on a stretch. Moreover the G.M.T. can with ease be 
converted into Apparent Time at Ship, Sidereal Time, or any 
other, just as occasion may require. A strong watch, with water- 
tight case, which will stand knocking about and yet go sufficiently 
well for this purpose, can be purchased now-a^days for thirty 
Shillings or two pounds; it should be of the kind known as “ key- 
less,” or what the Americans call a “ stem-winder.” 

After br( akfas\ all the docks on board should be set to Apparent Proper time 
Time at Ship for noon of that day, as determined in advance, by Sfodmai*** 
working up the dead reckoning. There is then no fear of missing boanL 
“ sun time,” and the plan for many reasons is preferable to the 
usual one of making eight bells by the sun. 

LATITUDE BY MERIDIAN ALTITUDE OF A STAR. 

Observations of the stars should be industriomly practised. 

The advantage possessed by a man who is well posted in this 
work, over another who is ignorant of it, cannot be over-estimated. 

One now and again hears it remarked by old Atlantic navigators, Transatiantio 
that they have frequently been compelled to make the passage Sade^ioioiy 
from land to land entirely by dead reckoning, as sights were not by dead 
to be had. As it is inconceivable that during nine or ten days ^ • otaÄlll * ,,,,l 
neither the sun nor stars should ever have been visible, this asser- 
tion must surely mean that the sun failed to present itself precisely 
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at the orthodox tirnes of 9 A.M, and #, high noon;" and when appear- 
ing at other hoiirs, could not be utilized for want of a known 
prob lein suitable to such irregulär visits. Moreover, the stars 
must have been looked upon only as theoretiml aids to navigation, 
being, for practicoU work, quite urireliable, It h hoped a better 
System of educntion may serve to dispel such Ulmions, and that 
every man in the future will fit himself to take advantage of the 
heavenly bodies, which are available for Ins gnidance at all time* 
when visible. 

The problem of finding the latitude by meridian altitude of a 
star sliould be more frequent ly practised, especially when timking 
* the land in high ktitndes during the winter months. As before 
stated, morniugor evening twilight offers the best horizon for stai 
observation, and reference to Table XLIV. of Norie will give the 
names of tbose on the raeridian at that time. 

As it may be difficult to bring the star down to the horizon if 
there is over-much light in the sky, it will be found a Capital 
plan to calculate its meridian altitude beforehand, and having set 
the sextant to this angle, direct the night a few minutes before 
the time of transit to the north or eouth points of the horizon, as 
the ease may be, and the stars image will be seen either upon or 
near the horizon. There is then no diificulty in bringing it ex- 
actly to the horizon, and keeping it there like the suu, tili ita 
greatest altitude h attaincd, which being read off will give very 
siinply, and with exceedingly few figuros, the songht-fot latitude. 

The sim plicity of this observation is perfectly ilellghtful, and 
the dar eannot be nmtaken, as no other (exeept, perhnps, tdescopic 
stars) will have the same meridian altitude at that time. It fr©- 
' quently happens that, by this method, a mosfc perfect observation 
cau be made during twUight, when the unaided eye will entirely 
fall to pick the same star out in the general brightness of the sky, 
and it poeseasea the additional ad van tage —that the ohsener doe» 
not even require to be acqaamted with the dar he is taking. Für 
this observation, either the inverting or direct telescope may be 
used; but, as already statad, the first-nnmed is preferable. If, 
however, the observation be made öfter dark , it will be necessary 
to employ the star telescope ; and with regard to this, it may be 
said that on© of inferior quality is worse than none at all 

To find the approximate meridian altitude of the star by 
previous calculation is an easy thing. 

Work up the latitude by dead reckoning, and by subtracting 
it from 90* find the co-latitud© If the star’s declination and 
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the co-latitude be of the same name, add them together; or take 
their differenco if of contrary names. The result is the meridian 
altitude, to be reckoned from the south point of the horizon when 
the latitude is north, and the contrary when south. But should 
the sum exceed 90°, it must be taken from 180°. This last shews 
that the observer is on the equatorial side of the star, and in that 
case the altitude must be reckoned from the north in north 
latitude, and from the south in south latitude * 

EXAMPLE I. 

About 815 P.M., June Ist, 1881, being in latitude by account Kample of 
47° 10' N., wished to observe the star Spica for latitude. On re- 
ferring to Table XLIV., it is found to pass the meridian on that »Mund*, 
day about 8*39 p.m. Apparent Time at Ship. Required its 
approximate altitude at that time, to which to set the sextant. 

Latitude .... 47° 10' N. 

90 


Co-latitude ... 42 50 N. 

♦'s Declination . . 10 32| S. See pajje 346, N. A 

Approx. merid. alt 32° 171' S. 


EXAMPLE II. 

About 4 P.M., July 16th, 1881, being off the Horn, in latitude by 
account 54° 10' S., wished to correct the dead reckoning by an 
observation of the star a Crux, which by Table XLIV. will pass 
the meridian on that day about 4*35 P.M. Apparent Time at Ship. 

Required the star's approximate altitude at that time, to which to 
set the sextant. 

Latitude .... 54° 10' S. 

90 

Co-latitude ... 35 50 S. 

♦'s Declination . . 62 27 S. See page 343, N. A 

♦'s Meridian altitude 98 17 reckoned from the North. 

180 

♦'s Meridian altitud e 81° 43 ' reckoned from the South. 

Its declination will always be a guide as to the direction in inlookingfor 
which to look for a star. According as the former is North or 

0 ffQjQN DJ 

South of the observer’s position, so will the latter bear when on declination. 


* In the N. A. for 1834, the Right Ascensions and Declinations of the stars will be 
found bet#een page« 819—366. 


EUr*« decüti- 
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quantity. 


Correctlou of 
altltude, 
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daclliiatitm 

coatumiOly 
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the meridian. This is so seif-evident that there is no occasion to 
tax the memory by recolleeting the rule given further back, 

We will now suppose the observation of Spiea (Example I.) to 
have been completed, and that the observed meridian altitude was 
ascertained to be 32" 22' S*; eye 30 ft; no iudex error, Eequired 


the latitude* 

Ohaerred altitude 32’ 22' S, 

Correctioa — Table XV. of ATorü . , . - 6| 

True altitude 32 I5| 

90 

Meriil zetiith i\wt mce 57 44} N. 

* J a Declination . . , * « , , * . 10 32f S. 

True latitude . * . . 47° IST North* 

This is even shorter and simpler th&n the latitude by meridian 


altltude of the sun, since the star'a declination being almost a 
fixed quantity , requires na correction for Greenwich Mean 
Time. 

Table XV, of Norie givea the sum of the corrections for a star in 
the aame mann er that Table IX* ans wer s for the sun. It may also 
be used for correcting the observed alti Indes of nny of the planets 
(except the moon), as their semi-diameter and parailax in altltude 
are not worth coneideration; consequently, the Operation of fimüng 
the latitude by a planet is precisely similar to that by the star 
Spica, werk cd out above* 

The declination of the planet», and their mean time of passing 
the meridian, will be found in the N* A. for 1884, between pages 
226—265, under the heading 14 Mean time/* Since the declination 
of the planets is contimially changing, note the time by chrono* 
meter when the meridian altitude is observed, and reduco the 
declination to the Greenwich dato by simple proporfcion. As the 
" hourly Variation M is not given, it will be necessary to take the 
M Variation * for one whole day, and then say—As the change is 
in 24 hours, ao will the change be in the given number of houra* 

EXAMPLE III. 

July 3rd, 1881, nt 7 39 A*w. Mean Time at Ship, in longitud© 
104° 6 J W„ hl the observed meridian altitude of the planet 
Mars (<J) be 22* 50' N., when a Chronometer showed 2h* 35ru. 58s. # 


* II % rigufuaidj exiwt rtducUon bt nquirsd for mj vfudil {ntrpaac, 
difftüfpnee* ” Wuttlil bn > « It» 1 » empfayad ; tute ttip of pÄg» m S m A. for 1514 ; tml 

für Ki Ule flIlub wltw-feßopniffnt t* ilirown i«if t 















UOW TO GET TRUE RESULTS. 


237 


Eye 32 feet; no index error. Required the 


G.M.T., same date. 
latitude. 

Declin. noon July 8rd . . . . 
Declin. noon Joly 4th . . . . 

Change in 24 honrs. 

If the change la 14' in 24 hour», what will 
it be in 2*6 honrs ? 

24h. :2 6h. ::14': 

14' 

2*6 

84 

28_ 

24) 86*4 (1' 5 
24 

124 

1-0 


18* 4' 8" N. Page 245. N. A. 
13 18 8 N. „ 11 


014' 0* 


Declin. July 8rd. . . , 

. 18*4' rv. 

Correction for 2*6 hm. 

. + 180 


Rednoed declin. . . . 18* 6' 83* S. 


Obeerred merid. alt. . . . 22*60' N. 

Correotion—Table XV. of Norie - 7} 


True alt.. 22 421 

90 


Merid. zenith dist.67 171 8. 

Corrected dedination ... 18 6} N. 


Latitude.64* 12}' South. 


Wlienever you can, it is advisable to take stars both North and Otoiarve stars 
South of the observer , as by so doing all systeinatic errors, of^^lpf**** 
whatever nature, are eliminated from the mean of the results. 

For example, some men have a fixed habit of bringing the object 
too low—others, not low enough; the astronomical refraction may 
be greater or less than the amount allowed in the Tables; the 
instrumental error may be somewhat different to what is supposed; 
or the horizon may be unduly elevated or depressed, as already 
explained in a previous chapter. 

In each and all of these cases the certain eure is to observe Oompeni&tton 
stars on both sides of the zenith. If the ultimate effect of these * 0mnfB * 
various errors lies on the side of making the altitudes too great, 
the northern star will give the latitude too far north, and the 
Southern star will give it too far south; but the mean of the two 
will be correct, or nearly so. 



In the diagram, the balance of error in the case of the northern 
star places the ship at C ; and as the error is common to both 
observations if they are taken nearly at the same time, the 
Southern star will place the ship at A. In reality she is at B, or 
about midway between the two. 

In like manner, if the errors conspire to make the observed 
altitudes too small, the northern star will give the latitude too 
far south, and the Southern star will give it too far north, but 
the mean will be coirect as before. The subjoined diagram shews 
this. 
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LIRE CURES LIRE. 



It is well to recollect that the greater the meridian altitude, 
the greater the correspondence between the latitude of the 
ohserver and the declination of the body observed, and vice versd ; 
or, in other words, as we approach an object its altitude increases. 



CHAPTER ITI. 


LAT1TUDB BY MERIDIAN ALTITUDE BELOW THE POLE. 

We now come to a useful problem, which is very little prac- 
tised, though it is just as simple, and certainly as short, as any of 
the preceding. 

In high latitudes, certain stars complete their daily revolution CttreaiipoSar 
round the pole of the heayens without rising or setting, and are 
consequently termed Circumpolar stars. This occurs when their ******* 
polar distance is less than the latitude of the observer—both <lf#orlb#d * 
being of the same name. These stars having come to the meridian 
above the pole, which is their highest point, decline towards the 
westward for six hours, when they gradually curve eastward— 
still falling, however—tili in another six hours their lower cul- 
mination is reached, when they are said to be on the meridian 
below the pole . 

They then commence to rise, still moving eastward, for another 
six hours, after which they turn to the westward in their upward 
course for a further period of six hours, when the circle is 
completed, and they are again on the meridian above the pola 
The hours alluded to here are of course Sidereal hours, which are 
nearly ten seconds shorter than mean solar onea 

It will be noticed that during the lower half of the star’s Axinmths— 
joumey their motion is from west to east. Attention is particu- 
larly called to this, because in observing star azimuths, unless when meri- 
acquainted with it, a beginner is likely to fancy he has made a 
mistake on discovering that, as his westem hour angles growtxuumz 
larger after they have exceeded six hours, the star’s bearing k 011 ”* 
becomes more easterly, which at first sight seems opposed to what 



3>istaue* of 
North Star 
Crom the Pol«. 
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one would expech The annexed diagr&m makes the expknation 
clear. 


A 



W*St _ Hort man _ 

AWBE is the diurnal circle of a northern circumpolar star, and 
the line AB represents the meridian of the obsenrer. At A the 
Btar iß at ita upper ctdmination, or, in other words, it is on the 
meridian abom the pole, and bears North. Puring the first six 
hours, whilst passiog frora A to W 9 it falls towards the wettward; 
at W, therefore, the honr-angle of the star is G hra west Düring 
the second six hours, between W and /J, it falls towardß the east- 
ward At B it is at its lower culmination, or ( in other words, it 
is 011 the meridian hdaw the pole, and ngain bears North, Düring 
the tlüi'd six hours, between B and E t it risea io ward» the tast¬ 
ward; at E the star’s hour-aogle may be expressed eithcr as 
18 hrs. west or G hrs. east of the meridian. And during the last 
six hours ita course is upwards, and towards the weMu'ard, tili, 
after a lapse of 24 sidere&I liours, it again transits at A* Fot 
S outhern circumpolar stars the direction of the arrows must be 
reveraed and the letters E and irdiaiige aidea 

If the night be cluudless, it is easy in the northern hetnbphore 
—without reference to the compass—to teil when a star is near 
the meridian below the pole, by its being vertically nnder the 
Pole star, wbich latter is now scarcely 1 distant from the pole 
itaelf 

In observing the meridian altitude below the pole, the Sextant 
muHngs get Im and lees, until the lowest point is roached, when 
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the star may be said to be " down,” in the same sense that at 
noon we say the sun is “ up.” 

To find the latitude, correct the altitude by Table XV. of Norie. Ru] 
Find the star's polar distance by subtracting the declination from ^ 
90°. Add together the polar distance and the true altitude, and 
the result is the latitude, without further trouble. It would be a 
puzzle to find anything more easy . 

EXAMPLE. 

Entering Channel after a couple of days of cloudy weather, the 
sky partially cleared to the north ward about 8 o’clock in the 
evening of November 6th, 1881, when the meridian altitude of 
star Dubhe below the pole was observed to be 21° 58'. Eye, 24 
feet No index error. Required the latitude. 


Dubhe’s declin. Ncv. 6th 62° 23* N. (page 340, N. A) 
90 


Dubhe’s polar distance 27 37 N. 

„ true altitude 21 öl N. 


*’s observed alt. 21° 58' N. 
Correction (Table XV.) - 7 


Latitude 


49' 28' North.| 


«’s true altitude 


21° öl' 


To set the Sextant for an observation on the meridian below the hoi 
pole, subtract the star’s polar distance from the latitude by dead Jjjj 
reckoning, which will give the approximate altitude. lou 

From what has been said, it will be apparent that to find the 
time of a star’s transit below the pole on any particular day, it is 
only necessary to add 11 hours 58 minutes to the time given in 
Table XLIV. of Norie. The following is a list of useful circum- 
polar stars in both hemispheres. 

The observer being to the northward of 49° North latitude, the 
undermentioned are available: 


H. M. 


Dubhe, or a Urne Majoria. 

Magnitude 2.—Right Ascen. 

10 56 

Lisi 

Qln 

Bt& 

y Ureas Maoris. 

» 

2.3 

11 47 

Benetnasch, or 17 Ureas Majoris. 

»1 

2. 

13 43 

NOX 

Rastaban, or y Draconis . 

»» 

2.3 

17 54 

Hex 

a Cephe is, or Alderaunin . 

>1 

3.2 

21 16 



North of 51° North latitude, the following may be added to 
the list:— 

H. M. 

Capelia, or « Aurigse . . . Magnitude 1.—Right Ascen. 5 8 

a Cygnus, or Deneb ... „ 2.1 „ 20 38 


In high Southern latitudes, observations below the pole are of 
greater utility than with us in the more favoured hemisphere, 
where the Pole star is on duty all through the night It is a 

Q 
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SOUTHERN CIRCUMPOLAR STARS. 


List of useful 
dronmpolar 
stars ln 
Southern 

hexnlsphere. 


pity the Southern celestial pole is not furnished with a similar 
sentinel. However, it has half-a-dozen stars of great brilliancy, 
which, though not qnite so ready to hand, go far to make up the 
deficiency. 


Achemar . 

Mag. 1- 

H. M. 1 

-Right Ascen. 1 3: j 

Vvailable to the 
South ward of 

[42° S. 

Canopus . 

„ 1 

n 

„ C 21 

n 

47|® S. 

a Crucis . 

1 

n 

„ 12 20 

»» 

38® & 

ß Centauri. 

„ 1 

»» 

„ 13 Ö5 

>» 

40|®8. 

* Centauri. 

1 

n 

„ 14 32 

it 

40 c s. 

a Pavonis . 

9> 

w 

„ 20 16 

99 

43* & 







CHARTER IV. 


LATITUDE BY THE NORTH STAR (Polaris). 


The student of the heavens should make himself practically 
acquainted with the constellations of the Great and Little Bear 
as starting points in search of the rest The first-named is very 
conspicuous; and the figure formed by the seven principal stars 
is variously termed—the Plough, the Skillet, the Cleaver, the 
Dipper, the Waggon, and Charles’s Wain. 

With the exception of the Pole Star, those in the Little Bear 
are much less bright, and at times somewhat diffieult to make out. 
The star at the extremity of the tail of the Great Bear (or handle 
of the Plough) is named Ben etnASCH, and the corresponding one 
in the Little Bear is Polaris, or the "North star,” formerly called 
RüCCABAH, before it was entitled to its present designation. The 
two stars at the leading end of the Plough are called the 
“ Pointers,” because a line through them, if produced, will pass 
close to the North star—which, by the way, is the best means of 
finding it Of these two, the one nearer the North star is known 
as Dubhe. Both Benetnasch and Dubhe are in the Nautical 
Almanac Catalogue. 

The North star (Polaris) is particularly accommodating in afford- 
ing seamen a ready means of determining the lati.u le at any hour 
of the night This invaluable guide is now a degree and a third 
(1J°) distant from the Pole of the heavens; and as the diameter 
of its diurnal circle (2|°) is small in consequence, the star’s ap- 
parent revolution round the Pole is very slow, being only about a 
giinute of arc (1') in three minutes of time. This enables observa- 
tions for latitude to be made regardless of whether it is on or off 
the meridian, as an error in the time used in the computation— 
unless very considerable—has but little effect on t’ie result 


The “Great 
Bear** or 
"PUwgh." 


The “ Little 
Bear“ 


The 

“ Pointers.“ 


The North 
star—par- 
tlcularly 1 
f ul for Unding 
the latltode. 
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Did the North star but occupy ihe esaet position of the Pole, 
it would be a fixed point, and its altitude, wheo corrected for 
instrumental error,, dip, and refraction, would give the latitude of 
the observer without any calculation wbatever, To tunke this 
fully understood, the writer takes the liberty of qooting from 
W. IL Rösser s book— The Star»: How to Know Them, and How 
io üse Them * 

Eiavatioa of M The elevated Pole is that Pole which is above the horizon; and 
SÄ the Elevation of the Pole is the Altitude of the Pole above the 
piac®, true Horizou, and is equal to the Latitude of the place This 
may be shewn as foliows:— 

"An observer under tbe Pole (in Lai 90*) has the Pole und 
Zenith in one—therefore, 9Ü* above the Horizon; in which case, 
also, the Horizon coincides with the Equinoctial or Equator, By 
as uiany degrees as the observer goes from the Pole towards the 
Equator, by so man y degrees does bis Horizon gobelöw the Equa- 
tor ou one aide* and approacb the Pole on the other side; there¬ 
fore, the Pole approachcs the Horizon by the same tmmber of 
degrees as the Zenith approaehes the Equator— Lt. f the elevation 
of the Pole above the Horizon is equal to the di stand of the 
Zenith from the Equinoctial, which is equivalent to the distance 
of tke observer from the Eq%ta(or ; or, in other words, to the lati¬ 
tude of the place/" 

Again, it may be put tim wayIn the diagram Z represents 
the zenith, N the nadir, PP the poles, EQ the equator, HH the 
horizoiL 


Then ZE h the arc of 
the meridian intercepted be* 
tween the Zenith of the 
place and tbe Equator, and 
k therefore equal to the 
Latitude, also PH ia the 
altitude of the Pole, 


* Lg&ilea : J*MM I»r*j and Sc®, 
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Now PE is equal fco 90°, and ZH is equal fco 90°; therefore, PE 
is equal fco ZH. Take away the common parfc ZP. Then ZE is 
equal fco PH, or, the lafcitude is equal to the altitude of the Pole. 

The foregoing explanations are probably as simple as fchey can 
well be made; nevertheless, fco undersfcand them requires concen- 
trafcion of thoughfc. Therefore, when they are being studied, one 
must not be dreaming about something eise, or the resulfc will be 
unprofifcable. 

At present the Pole is approaching the North star, and in a 
Century and a quarter will have reached within half a degree of gtar. 
ifc, when ifc will commence to recede, and gradually come nearer to 
the bright star Vega, which, in about 12,000 years—owing to whafc 
is known as the Precession of the Equinoxes —will then become 
the Pole star. 

The imaginary poinfc representing the Pole of the heavens may How to find 
be found by drawing a line from « Urs» Majoris (the first star in 
the tail) to within a degree and a third of the North star. These iioawia- 
two stars are consequently on diametrically opposite sides of the 
Pole. When «Ursas Majoris is six hours from the meridian, the 
North star will be so also, and its altitude in that position will be 
nearly the same as the elevation of the Pole. It will be known how to know 
when this is the case by a line through «Urs» Majoris and Polaris 
being parallel with the horizon. The eye can guess this pretty oioratton as 
accurately. At the same time, a line from ß in the Little Bear, *** ^ 
drawn midway between * and z, will also be horizontal, and, of 
course, parallel with the other. 

An altitude at such times, simply corrected by Table XY. of 
Norie , will give a rough shot at the Latitude. This is mentioned, 
not to advocate such a slap-dash mode of finding it, but to exhibit 
the principle. 

As a matter of fact—for an accurate determination—the Pole 
star is then in its worst possible position, as at such times its 
vertical motion is most rapid, and an error in the time produces 
its greatest effect, namely 1' of latitude for every three minutes of 
error in the time. On the other hand, when the Pole star is near 
the meridian either above or below the pole, its motion in altitude 
is least, and an error in the time is of little or no consequence. 

Reference to Table XVII. of Norie will shew that for half an 
hour on either side of the meridian the altitude will barely 
change 1', so that the observer has ample time to get a good sight 
without being embarrassed by the rising or falling of the star. for 

This, then, is the best time for observing. pSesSurf 
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Hqw to The timo of transit may be found by Consulting Table XLL V. 

ob&lr^iQg rtJr Norie, or by the appearanee of tbe Great and Little Bear. 

When * Ursae Majoris (sometimes called Alfotk) is vertically 
above or betow Polaris, or when a line from ß traeed midway 
between * and K of the Little Bear is fl up and down," the North 
star will be on or ncar the meridian. The diagram will exliihit 
this state of affairs by slueing it a quarter of the way round, so 
timt one of the sides niarked M shatl face the reader* 7 and ß in 
the Little Bear are sometimes called “the Guards" 

Utitud* uy Thare are two ways of working out the latitude by Polaris; one 
two* metüod« * s ^ n0WQ as the Nautieal Altntmac , and the other as the Epitome w 
method, The fomer is the more exact, and as the diderence 
in the length of the ealculation is so tritiing as not to be worth 
speaking about, the preference is given to it, especially since it 
possessea the decided advantage of familiarizing the navigator 
with Sidereal Time in the precise form employed in certain of the 
stellar prob!ein 3 herein treated of* Therefore, mark well how it is 
arrived aL It is a matter of importance, in the first place, to 
select a good form of working, and then to stick to it * Tlils has 
been rnadu a leading feature in “ Wriukka” 

EX AM IXE, 

At about 810 PM., May 19th, 1880, when in Latitude and 
Lougittide by accouut 41* 4T N. and 55* 45 " W, # observed the 
ultitude of star Polaris to be 40" 36fl', when a Chronometer whkh 
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was 3m. 56a slow of G.M.T. shewed 11h. 41m. 31a P.M. same data 
Eye 32 feet Index error + 45". 

H M. S. 

11 41 31 Time by Chronometer. 

+ 8 56 Error of Chronometer. 

11 45 *7 G.M.T. 

- 8 43 00 Longitude in time W. 


8 2 27 Me&n time at ahip. 

+ « 50 8 Sid. time at Greenwich me&n noon. 
+ 1 56 Acceler&tion for 11h. 45m. 27s. 


11 64 81 Sidereal time of obserration atship, 
or, in other words, the Right Ascen¬ 
sion of the Meridian of observer. 


This looks formidable on account of the explanatory writing at 
the sides, which is inserted as a guide to the learner; but in actual 
practice most of this is omitted, and the figures themselves are not 
many. 

In the N.A method (yide above example) there is a constant 
correction of 1' subtractive; and as the quastion has often been 
asked why the true altitude should always be diminwhed by this 
amount without any apparent reason, the explanation is now 
given:—In the construction of Table IL the Polar Distance and 
Right Ascension of the North Star are assumed to be invariable 
throughout the year, but this is not the case, as may be seen by 
turning back to the Table on page 311 of the N.A. for 1884. 

Table III., which is an auxiliary to Table II., depends on the 
difference between the true and asaumed values of the P.D. and 
RA., and contains the necessary correction, increased by 1' for the 
sake of rendering the quantities always additive; and as it would 
not do to allow this convenient unit to remain to vitiate the result, 
it is quietly got rid of near the beginning of the problem. 


Obaerved alt. of Polaris .. .. 40 86} 

Index error.+ | 

40 37} 

Correction, Table XV. of Norie .. - 6} 

True altitude .. . 40 81 

Constaut correction.- 1 

Rednced altitude. 40 80 

Ist corr. Table I. N. A., page 483 .. + 1 16} 
2nd corr. Table IL N.A., page 484 0 00 

8rd corr. Table HI. N.A., page 484+ 1 

Latitude 41* 46TO. 


Nautical 

Almanac 

motliod. 







rowBoa*» 
Ix-merldi&n 
noeUiod tha 
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CHAPTER V. 

LA TH TIDE BY EX-MEKIDIAN ALTITODE OP THE SUN, 

Of the various methods for computing the reduction to the 
meridian, Towson’s—which is independent of the latitude by 
aecount—is undoubtedly the easiest, as weU as the most accurat© 
for sea practica His tables, however, only extend to 23 20' of 
declinatkm, so that if stars be observed whos© declinatkm excceda 
this quanüty, it is advisable to have reeourse to the method given 
on page 211 of Nories Epitome (20th edition). 

When the sky is cloudy, the sun or other celestial body, though 
it may happen to be obseured so that the meridian altitude is 
unatiainable, nevcrthcless frequent ly appears for short intervals 
both before and after ita meridian passsge. If not observeJ at 
thes© tim es, the L*atitude may be lost for the day; and as the 
fimling of the Longitude is generally dependent upon a correct 
knowledge of the Latitude, the morning sights will have beeil 
taken to little purposa 

In addition to the extreme simplieity of the Ex-meridian 
problem, it bas this to recominend it,—that neither is the patience 
taxed, the eye fatigued, nor the Instrument unnecessarily exposed 
by the u>ual weary waiting for the Meridian altitude, as one 
observatun within the prescribed limiU suffices for th© correct 
deteriumaiion of the Latitude, if the Apparent Time at Ship be 
known with tolerable accuraey, Were it not, indeed, that the wide 
ap plicat ion of this most usefu! problem is somewhat restricted, it 
would deservo to rank before that of the Meridian altitude, wbich 
latter—since the introduction of an easy solution of th© Ex* 
meridian problem—is certairdy no ionger of the same importante, 

If the value of the problem ander consideration be somewhat 
lessened owing to ita misuiUbility in low latitudea, it must not 
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be forgofcten that in such regions there is generally but little 
difficulty in getting the sun exactly at noon, so that the inapplica- 
bility of the method at such times is not much feit. 

The rule regulating the limits within which Ex-meridians may Ruieregtia. 
be taken is easily remembered, namely —The hour angle of the 
sun, or time from noon , shovld not eocceed the number of degrees 
in the sun 9 s mebidian zenith distance. Therefore, if the sun’s 
meridian altitude be about 80°, the time from noon of an Ex¬ 
meridian observation should be less than ten minutes. In Tow- 
son’s method, the Tables admit of a 20 minute hour angle with 
an altitude of 74°, beyond which it is not prudent to go, as the 
results would be doubtful. 

The correctness of the Latitude deduced from the method of 
reduction to the meridian, depends upon the accuracy with which 
the Apparent Time at Ship is known, and the higher the altitude 
the greater is the precision required in the time. If sights have been 
taken at a suitable hour in the morning (see chapter on Longitude 
by Chronometer), there should be no hitch on this account But 
admitting the Apparent Time to be in error somewhat, there is still 
a way of circumventing the difficulty. Get a P.M. Ex-meridian Do dgo wbm 
as well as an A.M. one , and endeavour that both shall have about 11 

the same altitude. The mean of the two resulting latitudes— 
öfter each has been reduced to noon —will be within a fraction of 
the truth. In a note Towson says:— 

“If equal altitudes be taken before and after the meridian Towaon's 
passage, half the elapsed time may be employed as the hour angle dod * s * 
for determining the reduction. Or, when the altitudes before and 
after noon differ by only a few minutes,* the mean of the two 
may be reduced by employing half the elapsed time as the hour 
angle for reducing the mean altitude.” 

In these rules no allowance is made for observers change of Koanlts 
Position; and though they may be sufficiently accurate in a slow 
moving vessel when the hour angle is small, or where the course of Position, 
is nearly East or West, it would scarcely do in a fast steamer, 
steering North or South with a large hour angle. So if these 
rules should at any time be employed, care must be taken to see 
that the circumstances are not objectionable. 

There is yet another dodge, when the time is uncertain, by 
which it may be approximately corrected. If two equally good 
Ex-meridian altitudes, with an interval between them of say ten 


• Minute« of nro (') are of course meanfc. 
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TO WSO HP3 EX-MERIDTAN& 


minutes* be takeu on the sarae side of noon; and the second 
latitude, on bei og worked back to the place of the first by allow- 
ing the correction due to the course and distance in the interval, 
does not agree with it, the Time is probably in error; in which 
ease the mean latitude is not to be taken as the true latitude, ^Snom 
the fact that an error in the time affects least the obeenation märest 
the mericUan; which latter is accordingly to be preferred. It will 
be easy then to find by trial the hoiir angle which will make the 
first result agree with the last; and thus the Apparent Time may 
be apjvroximatdy corrected. 

It is unnecessary in these pages to give the rnles for working 
* Ex-nierids/** as the two recommended will be found respectively 
in Towson’s pamphlet and A T onV# Epitome. The Apparent Time at 
Ship is deduced froin the Chronometer time in the manner already 
explained in the cliapter ahout“ Azimuths.” 

The stndent will do well to take bis books and pencil, and 
follow out the work in the subjolned cxatnple, wlnch is solved by 
eaeh of the two methods ahove referred to. By so doing, certam 
“important simplicitiea M will in eaeh ease be forced upon bis 
attention. 

EXAMPLE. 

November ISth, 1831, about soven bells in the forenoon, in 
Latitude by account 51" N., and Longitude 1 V 30 W + , the observed 
altitude of the sim’a lower limb was 19*20$' S„ when a Chrono¬ 
meter which was 4m. slow of GALT shewed Ob. 2 uj. 30s. P.M. 
sarne dato. Eye 24 feet Required the latitude at instant of 
Observation, and also a£ noon; the ship making S. 14* W. (true), 
14 knots per hoi r. 
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The observation on last page is given below, worked according Relativ» 
to Norie's Epitome , and since the finding o£ the hour angle and the JSwicm?» and 
correcting o£ the sun’s declination is the same in each case, they Norie’e 
are both left out to avoid unnecessary repetition. This, however, m • tll0d, • 
must not be allowed to mislead in estimating the relative length 
of the two methods. Towson’s is much the shorter and easier; 
nevertheless, if compelled to fall back upon Norie’s method for 
stars whose declinations exceed 23£°, the navigator will find no 
trouble whatever in mastering it 

“EX-MERID.” (Norie’s 

Sun’s hour angle, Oh 24m. 54s. 

Latitude by accounfc 61* N. 

Sun's cott. dedin., 19* 20y S. 

Natural uunri>er .. 

Sun's trne altitude .. 19*291' .. Natural sine 

Merid. zen. dist&nce .. 70* 18 N. Natural cosine 
©’s corr. declin. .. 19 205 8, 

Latitnde. 50* 571' N. a< time of observation. 

Correction for ron .. - 61S. 

Latitnde.50* 511' N. at noon. 

It is very important to understand that the above meridian Ex-merldlan 
zenith distance, 70° 18', was the sun’s actual meridian zenith dis- ffSme of”** 
tance at the place where the altitude was talcen ; and the resulting obaervatlon. 
latitnde, 50° 57£' N., was the latitude of the ship at the time of the 
observation (not at noon). Therefore, always bear in mind that 
the Latitude found by an Ex-meridian altitude is the Latitude 
of the ship at the instant of observation, and if afterwards you 
should require to know what it is at noon , you must correct it by 
the dißerence of latitude (out ofthe traverse tables) due to the course 
and distance which the ship has made in the intervaL 

Ignorance of this has been a fruitful source of error with many common mia- 
seamen of the writer’s acquaintance, who, until it was fully ex- oonoeptton * 
plained to them, were inclined to dispute the truth of the above 
statements. It is easy to see that, in a case similar to the imagi- 
nary one pictured on pages 230—231, if the latitude were found by 
an “Ex-merid.,” instead of the meridian altitude, and if the reduction 
to noon were not made , a like catastrophe might well ensue. 

• Attention is called to tbe footnote in Norie’a later cditions, which says,— 

“ This * natural number * had better alwayt be taJcen out to one place of decimals (aa 
shewn in the example), as then the nat. sine of the trne altitude can be taken to 
rix figures, If no decimal figure be taken, the nat. sine must only be taken to the 
firtt fite figure ».” The writer considers it quite unnecessary to work to six figures, 
so the decimal had better always be omitted, and the nat. sine of the true altitude 
only taken out t ofive figures. 


Method.) 

Log. risingTable XXIX. 2*77061 
„ cosine .. .. 9*79887 

„ coeine .. .. 9*97476 

8501* Log... 2*64414 

.. 833601 ' 

.. 337102 
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chapter VI 

TIME* 

Before going any deeper into the various star problems which 
are conaidered of practical value, it ia as well that the reader 
ahould be thoroughly at home in the subject of Time —especially 
Sidereal Time . The word Sidereal me ans—of or be Ion ging to the 
atara, and is derived from the Latin Sidtu, a star. 

A Sidereal day ia the period in which the earth performs one 
complete revolution round ita axis, and, setting fraetions on ono 
aide, h equal to 23h* 5t! in* 4s. of mmn time, as measured by our 
clocks or watches; so that tbe common expression, that the worid 
revolves ouce in twenty-four hours, is incorrect, unloss Sidereal 
hcmrs are either specified or understood.* 

A Sidereal day is shorter than a mean Solar day by 3m. 56a*; 
consequeotly, the stars come to the rneridian of any place nearly 
four nt in utes of clock time eaHier on each succeeding day. Their 
revolution in the heavensf may be taten as perfectly regulär, 
eince out disttmce from the stars is so inconceivably great, that 
the earth s annual motion in space is quite imperceptible wheo 
compared with itj With the sun it is otherwise. Owing to the 

* Th« intervai occupiad by the earth in purforming one revolution round it* ui* it 
takm m Ui« Standard for tbe meavurement of time. The velodty of rvtation it eott- 
iidered ne vor to vary in the sichtest degree ; btit Sir William Thomaon fFrof a w or of 
Natural Science at the Umvernitv, Glasgow), itipjxwe*, from certain tnathematical 
Investigation* mad« by bim, that thia may not be altogether true, The« inY6*tig*- 
tiona lead bim to bclieve in tbe powibiUty of tbe earth V motion bcing infinite«!mal ly 
ratardcd by tbe ti-Jml wafe, which, inoving in the oppnaite direction, acte upon it after 
the mamier of a friction brake. Krom the impomibiHty at present of e<m*truetlng 
dockt to go with atiffieient regulsrity* tbe re b no direct way of testing thi* ide*. 

t In tbe lan^uage of nautical a^lrtmomy, ifc* earth (for aake of coneenieuee) ia eon- 
wdered at standitig »tili, and tbe heit-ena to W moving round it, 

; i*ea page 225. 
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non-coincidence of the Equator with the Ecliptic, and the unequal 
motion of the sun in the latter,* due to the eccentricity of the 
earth’s orbit, the solar days are of varying length. The period solar daya 
between two successive transits of the sun is known as an Ap- 
parent Solar Day ; but, from its irregularity, it would be impos- 
sible to get clocks which would conform with it, so as always to 
point to 12 when the sun was on the meridian. 

To get over this and other difficulties, astronomers conceived imaginary or 
the idea of creating an imaginary sun —which, like the stars, Mean BlUL 
would be uniform in its motion. The interval between two suc¬ 
cessive transits of this imaginary sun is termed a Mean Solar 
Day , and is equal to the mean or average of all the Apparent 
Solar Days in a year. It is this to which our clocks and Chrono¬ 
meters are adjusted, as well for navigational as the every-day 
purposes of life; but, in observatories, it is also customary to 
have an additional clock regulated to Sidereal Time, on account 
of its greater convenience in connection with certain of the 
astronomical observations. The dial of this clock is numbered sidereal dock 
up to 24 hours, so that the short hand makes but one round of 
the circle in the day.f 

The difference between the place of the real and imaginary sun 
is familiarly known to sailors as the Equation of Time. Some- Equation of 
times the imaginary sun is ahead of the real one, and sometimes Tün * 
it is astern of it, according to the period of the year. The fact as 
to which of the two is leading decides the application of the equa¬ 
tion of time, as set forth in the precept at the head of its column 
in the Nautical Almanac . 

A sun-dial shews Apparent time, and consequently its indica- Apparat 
tions will only agree with Mean or clock time when the real and 
imaginary suns happen to coincide, or pass the meridian at the between 
same instant. This actually occurs four times in a twelvemonth, SSSkiäna 4 
namely, about April 14th, June 13th, August 31st, and December 
23rd. Accordingly, on these days—at a particular moment—the 
Equation of Time is nil. 

The foregoing explanations ought to make clear the meaning 
of the terms Apparent Solar day (apparent time), Mean Solar 
day (mean time), and Sidereal day (sidereal time). TJntil the 


* See footnote on page 230. 

t In parenthesia, let it be bere remarked, that Chronometers for use on ihip-board 
»hould have their facea figured in a similar manner. Were it so, it wonld sare manj 
miatakes. 
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rcader fct-la that he perfeetly com probend« them he had Letter 
not attempt to gö further. 

Mean time begins (that is, a mean solar clock points to Oh. Om. Q&) 
at mean noon ; or what is the same thing—at the instant of the 
paseage of the imaginary smi aeross the meridian. 

Sidereal time begins (that b, a sidereal clock points to Oh. Öm + Da) 
when the first point of Arie# is 011 the meridian, and is comited 
straight throngh 24 hours tili the same point returns again. The 
hour angle or meridian distance of this point is accordingly Side - 
real time, 

It is now neeessary to know what is mcant Ly the first point 
of Aries. It is that point in the heavens whieh the sun’s centre 
occupies at the VernaL equinox when its declination changes from 
South to North; or, as sailors say, when the sun crosses the Line 
bonnd North. 

This point, Iike the mean mn t is purely an imaginary one, as 
nothing exists to mark its place, nor wonld it be any particnlar 
ad van tage wete it otliorwise; moreovor, the point itself is liable 
to a certain slow movement westward,—so slow, however, as not 
to aflbet perceptibly the interval of any two of its successive 
returns to the meridian, although in a year the amount o£ retro- 
gression (50"), as it is called, is quite appreciable, 

It is from this point as zero that the Right Ascensions of all 
celestial bodies are measurecL The Rigid Ascension and decli- 
nation of a point in the heavens corresponde to the Longitude and 
Latitvde of a Station on the eariL 

Right Ascension , which we come across so frequent!y in Nautical 
Astronomy, may be defined as an nrc of the equator included 
between the first point of Aries and the eelostial meridian of the 
body it refers to, and is reckoned on the celestial equator exactly 
as the Longktule of places on the earth is reckoned on mir equator; 
with this distinction, however, tbat Right Ascension is reckoned 
continuoudg through 24 hours from west to east, or in the opposite 
direction to the appareut diurrial motion of the heavenly bodies, 
—whereaa LongUude is counted as east or west of Greenwich, or 
any other arbitrary meridian, such as Paris, or Cadiz, according 
to caprica Moreover, as the stars do not preserve that constant 
position with respect to the meridian which they do with respect 
to the equator» there cannot be that correspondencö between Right 
Ascension and Longitude which does exist between Dcdinatkm and 


Laiitiulc. 
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Meridian distance as it is sometimes called. It may be defined Definition of 
as the angle afc the Pole, included between the meridian 01 the 
observer and the celestial meridian of the body referred to. Like 
the Right Ascension , the Hour angle is measured on the celestial 
equator in the same way that Longitude is measured on the ter- 
restrial equator.* 

In turning these definitions over in the mind, one must try not 
to get "mixed/* as will, however, very likely be the case with 
those whose attention has only been seriously called to them now 
for the first time. Do not be disheartened and tempted to skip, “Time"—a 
but try back, and each fresh reading will give more insight, until 
the whole is as plain as A B C. Often it is a good plan to sleep 
on a matter difficult to understand, and attack it again in the 
morning when the brain is vigorous. 

Time is an essential element in navigation, and, entering as it 
does into all of the astronomical problems, is as necessary to be 
understood as the points of the compass. Unfortunately there is 
no “ royal road ” to these more abstruse questions—nothing for it 
but to hammer away at them with all possible concentration of 
thought tili the victory is gained. 

If the reader has got a clear conception of the foregoing, he will Eqnallty ln 
scarcely require to be told that the Hour angle of the first point JJ^Side 
of Aries is equal to the Right Ascension of the Meridian of an 
observer, which again is precisely the same thing as Sidereal Time. 

From this it follows that difference of Right Ascension may with 
perfect propriety be considered as a portion of Sidereal time, or as 
Longitude. 

Thus, if a certain star were on the meridian of any place—say 
New York—at the same instant that another star was on the 
meridian of Greenwich, the difference of the Right Ascensions of 
these two stars would be equal to the Longitude of New York. 

By turning to page II. for the month in the Nautical Almanac, 
it will be found that the last or right-hand column is headed 
"Sidereal Time.” In the words of the explanation given on 
page 495 of the N. A for 1884, this "Sidereal Time” "is the 
angular distance*f“ of the first point of Aries , or the true vernal 
equinox from the meridian]: at the instant of Mean noon. It is, 
therefore, the Right Ascension of the Mean sun, or the time shewn 
by a sidereal clock at Greenwich, when the mean time clock 
indicates Oh. Om. Os.’* In proof of this it will be noticed on the 

* It must not be forgotten that longitude ia reckoned in time as well as in arc. 

+ Reckoned in time , not in a*c. $ At Qreenwich. 
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256 TIME PROBLEMS . 

same pöge that the Equation of Time is equal to the diflbrence 
betwecn the Apparcnt Right Ascension of the sun at Mean noon, 
and the Sidereal time at Me an noon. 

Ey the foregoing, it ought to be again made evident that 
Sidereal Time and Right Ascension 0 / the meridian are one and the 
sarne thing. New, since the measure of Sidereal time is identical 
with the measure oE Longitude, if by any means we ean kuow 
the Sidereal time at Greenwich corresponding to the Sidereal time 
at Skip , we bav© at once the Longitude of the ship as measured 
from Greenwich. 

In the thoughtful niind the question may be raised as to 
whether Longitude, when measured by an interval of Sidereal 
tirae, is the sarne as when measured (numericaUy speakiug) by a 
eimilar interval of Mean time, seeing that sidereal and meaa time 
have different absolute valuea. Raper, in a foot-note,* disposes of 
this question thus:— 

“ The diff. long. is found as well by ineans of the uaotion of 
a star as of the sun; that is, by means of a clock or Chronometer 
regulated to Sidereal time, as well as by on© regulated to Mean 
time, For although the absolute interval of time employed by a 
star in moving from one meridian to the other, is less than that 
employed by the sun, yet it is divided into the satne mmiber of 
hours, minutes, and seconds, but which are of smoller magnitude, 
and thus the difference of time results, in numbers, the same. M 

In finding the longitude at sea, the Sidaral Time at Skip in 
obtained by calculation from observations of the stars themselves, 
but the Sidereal Time at Greaiwich, with which to compare it, 
is dependent upon the accuracy of the Chronometers employed in 
the Operation, and is found as follows. To the Chronometer time 
of observation apply its error, which, of course, gives Greenwich 
Mean Time. To this add the Sidereal time for the preceding 
Mean noon, taken from the last cotumn ou page 1L of the 
tnouth. 

It now becomes necessary to change the given Greenwich Mean 
Time into sidereal measure by adding to it the acceleration taken 
from a table of time eqiiiv&lents to b© found on pnge 450 of 
the NX for IS84 This Uibfo is also given in Norie s Epitame, 
where it is numbered XXXVIIL, and is used for Converting 
intervals of mean solar time into equi valent intervals of sidereal 
time. In actual practice the hundredtha would be rejectcd. 


* l'fcge 157, tfairt**nth edin-un. 
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EXAMPLE. 

Required the Sidereal Time at Greenwich on March 28th, 1881, of 

when a Chronometer which was 5m. 42a fast of G.M.T. shewed 
9h. 15m. 18s. same date:— 


h. m. a 

Time by Chronometer. . 9 16 18*00 

Chronom. fast of G.M.T. - 5 42*00 


Greenwich Mean Time. 9 9 36*00 

Sidereal time at preceding mean noon, viz., March 28th. 0 24 9*57 

By Table, the acceleration for 9h. of Green. Mean Time is + 1 28*71 

„ „ 9m. „ „ . + 0 1*48 

n » 368. h • + 0 0*10 

Required Sidereal Time at Greenwich. 9 35 15*86 


9h. 35m. 15*86s. is accordingly the Sidereal Time at Greenwich at 
the instant of 9h. 9m. 36a Mean Time at that place, and is equal 
to the Right Ascension of the meridian of an observer at Green¬ 
wich ; or, in other words—at that moment, and at that place— 
the Hour angle of the first point of Aries is 9h. 35m. 15*86a 
West. 

The approximate Sidereal Time at Ship may, in a somewhat 
similar manner, be determined from the Chronometer time and the 
longitude by account. 


EXAMPLE. 

Required the Sidereal Time at Ship on November 18th, 1881, Bxampi* of 
when a Chronometer, which was 2m. 42s. slow of G.M.T., shewed %$hip. 
11h. 54m. 33a same date. Longitude by account, 60° 15' W. 


h. m. a 

Time by Chronometer. . 1154 33 00 

Chronom. slow of G.M.T.+ 2 42*00 


Greenwich Mean Time.11 57 15*00 

Longitude of ship in time. 4 1 00*00 


Mean Time at ship. . .. 7 56 15*00 

Sidereal Time at preceding mean noon, viz., Nov. 18th . 15 50 39*98 
By Table, the acceleration for 1 lh. of Green. Mean Time is. + l 48*42 
„ ,, 5<m. ,, • „ . + 0 9*36 

„ ,, 16s. „ „ . + 0 0*04 


The required Sidereal Time at Ship, or Right Ascension 1 23 48 52*80 
of tue Meridian./ —— 


This last is what is required in the problem, “Latitude by an Ex¬ 
meridian Altitude of a star.” Then, to ascertain from it the star's 
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hour angle, you bave merely to take the difference between the 
Right Ascension 0 f the meridian, as above, and the Right Ascension 
of the star, as given in the Nautical Almanac* 

In working "Ex-merida," it is not always nceessary to know 
wbether the hour angle is East or West; tut, should it be re* 
quired, the following rule is not diffieult to reraember. In all 
cases, if the Right Ascension of the meridian exceed 24h., subtract 
that amount from it; tben, if it be greater than the Right Asceu* 
sion of the atar, tlie hour angle is west When the contrary is 
the case, it is east Should the hour angle thus found exceed 
12h., subtract it from 24h,, and reverse i ts name, 

To prevent any gross mi stak es creeping into this work, it ia 
easy to check the result by NoriesTable XLIV. Thus: take the 
difference between the Apparcnt Time at Ship (roughly found by 
clock) and the stated time of stars meridian passage, as given in 
the table, which will be sufficiently near the true hour angle to 
enable any great blonder in the regulär work to be detected. 

In connection with Time, there is one poiut which deserves more 
than a passing notice. It is the picking tip or dropping of a duy t 
according as the globe is circumnavigatcd east or west about 
One who ia not familiär with the subject finds it diffieult to 
realixe that at the same moment there should be a difference of 
time at various parts of the earths ßurfaoe—nor is thia really the 
case so far as absolute time is concerned The present moment here 
in England is equatly the present moment in Sydney, Auatratia, 
althongb the clock there marks some ten hours later than it does 
with us, This is accounted for by the fact that the sun, which is 
Sun the the divider of day and night, and all over the world the recognizcd 
timekeeper of marker of Time, crosses the meridian of Sydney some ten hours 
tLe warld - before it reaches ours. 

In the daily course of the sun, bis advent at each meridian oti 
the eartlrs surface marks the hour of noon for all places 011 that 
ExpiojmUon meridian. It is thus the sailor, more especiaüy, reckons liis tima 
*iinedörio*t No matter what seas he may be navigating, he considers it noon 
in the moment the sun is "up," or on Ins meridian. Now, if his 
course lies from east to west, or if ho and the aun are moving in 
the same direction, clearly at the instant the sun arrives at his 
meridian, and he strikes 8 bells, it must be past noon at Ute placea 
he left yesterday, und ia not yet noon at the place he hopos to 
reach by to-morrow. 

On the other h&nd, if he is sailing eastward, he is moving in an 
opposite direction to the sun—which, therefore, änatead of <mr- 
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taking him, as it did when he was bound towards the west, now 
advances to meet him, and consequently, before it has reached the 
spot where he took his mid-day observation of yesterday, it will 
be past noon with him to-day, and getting on towards one bell. 

In plain language, as he goes eastward he shortens his day, and 
as he goes westward he lengthens it, in exact proportion to the 
difference of longitude made good—the constant rate in all lati- 
tudes being 1 hour for every 15° of his advance. 

Let then the navigator—having started presumably from Green¬ 
wich in an easterly direction—arrive at the meridian of 180° at 1 
o’clock on the morning of Tuesday the 16th (ship time); it will 
then be only 1 o’clock at Greenwich in the afternoon of Monday 
the 15th, as by meeting the sun he has got ahead of the folks at 
home, and anticipated their time by 12 hours. It will be mid- 
night with him when it is only mid-day with them. If he con- 
tinues on in the same direction, and completes the other half of 
the yoyage without altering his date, he will have gained another 
12 hours on arrival at Greenwich, no matter how lang he may he 
in getting there , and would probably imagine the day of his return 
to be, say Friday noon, when in reality it was only Thursday noon. 

To avoid this, on passing the meridian of 180° E., he should what to do 01 
have reckoned Monday the 15th twice over, which would have ** atl 

brought things straight at the finish. On the contrary, whenofiso®. 
reaching 180° in a westerly direction, the navigator would be 
exactly 12 hours behind Greenwich, so that if it were then 1 o’clock 
on Tuesday morning the lGtli by his reckoning, it would be 
1 o’clock in the afternoon of the same day at Greenwich. If he 
pursued his voyage westward without making the requisite alter- 
ation in his calendar, he would arrive at Greenwich, say at noon 
on Friday, and be surprised to learn that with the inhabitants it 
was noon of Saturday. To avoid this, he should have skipped a 
day when at 180° W. He should have called the day Wednesday, 
and have overlooked Tuesday altogether. 

The great point for the practical navigator to attend to is to hold Pay Attention 
on to his Greenwich date by Chronometer, otherwise he maymake touttownfy 
the not uncommon blunder of taking out the Nautical Almanac Chronometer. 
elements for the wrong day, and so get adrifl as to his true position. 

Here the marking of the Chronometer face from 1 up to 24 Chronometer 
hours would be of great service. As the dial is figured at present, äonWhT** 
there are no means of distinguishing the XIL noon from XII. mid- ®«ked. 
night; whereas, if marked as suggested, 24 hours would always 
refer to noon, and 12 hours to midnighk 
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If, however, a man, wheu winding his Chronometer, wäre to 
take the trouble from the very beginning of the voyage, to enter 
every day, on aslip of paper kept in the case, the hour A*M* or rm,, 
da y of the week, and day of the month— Greenwich ihm —of bis 
doing so, he could not possibly get aatray* When, by-and-by, he 
found his own or ship date difiering from timt of Greenwich, 
he would merely have to adopt the latter, whatever it might be. 
Thus, having passed the meridian of 180° R, on going to wind his 
Chronometer at 8 o clock on Tueaday morning the lGtb, he wonld 
find by his slip that at Greenwich it was 8 o'clock on Monday 
eveniog the 15th ( and wonld accordingly instruct his chief ofticer 
to consider the day aa Monday over again, and so enter it in 
his log* 

Going east or west round the world, there will bc no real gain 
or loss of a day* Otherwise a man, by conti nually sailing round 
east about, might be considered—from the frequent repetition of 
a day whielt it entailed—to have li% T ed longer tlrnn another who 
had stopped at home, In the case of the traveiler, he ouly appears 
to gain a day, as eacb one of those he hm lived whilst on bis 
jonmey has been shorter by a eertain number of minutes—which 
bas arisen from the difference of longitude traversed between two 
consecutive arrivals of the sun on his meridian; whilst the day of 
the man who remained behind has alwnys contained the complete 
24 hours, 

Again, if two inen, A and B t started at the same instant on a 
journey round the world, the first going east and the other west, 
and neither made any alteration in Üieir dates from time of setting 
out tili their re turn together on the same day, this is what would 
lmppen: A would believe he had arrived, say on Sunday, and B 
would persiBt in considering it as Friday. There would be a 
difference of two whole days in their reckoning; but no oue wonld 
seriously entertain tlio idoa that 011 this account A had lived 48 
hours longer than Ä The actual day of the week would, of 
conrse, be Saturday, and the actual time occupicd by each on the 
journey would be prueisely the same. 

The reuder will und erstand from thb that Time may be relative 
as well as absolute. 

To sbew this yet niore cle&rly, kt us take a very exaggerated 
casa Supposing it were poasibk for a pedestrian to walk round 
either pole of the e&rth, say at a fixed distance from it of 10 
milea, the circuinfereuce of the circle which he wonld describo 
would be f»Ö niües, arid at the rate of 2 | iniloa per hour he would 
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accomplish the entire Circuit in one day. If, then, he started at Dtsttnotioa 
noon, Apparent Time at place, and walked always in a westerly 
direction, preserving the above steady rate, he would keep pace absolute time 
exactly with the sun, and have it bearing either north or south, explainad * 
as the case might be, apparently stationary on his meridian as 
long as he chose to keep up his walk. His local time would 
never alter. If he started, say at noon on Sunday, so long as he 
continued to walk, local time would ceasc to progress, and it 
would remain noon on Sunday; but absolute time would go on as 
usual, as his weary feet and the watch in his pocket would plainly 
teil him. 

The following problem is so instructive in first principles that, 
although it scarcely belongs to the subject, and is not rigorously problem. 
correct, it would be a pity to omit it. 

The question is—In what way could a navigator who has no 
knowledge of his position, and has lost all record of time, ascer- 
tain not only his correct latitude and longitude, but recover the 
day and date ? It is presumed that he is provided with the usual 
nautical instruments and books. 


z 



Let the above figure be a projection of the sphere on the plane of the meri- 
dian. P is the elevated pole ; Z> the zenith, EQ, the equator; and TT\ any 
circumpolar star. 

To solve the question, let the navigator observe the altitude of any circum- 
polar star at both its upper and lower culminations, as at T and T'; the half 
sum of these altitudes will give him the altitude of the pole, which is equal 
to the latitude of the place of observation—that is, it will give him the arc QZ. 
Then let the ship be hove-to, so as to keep on the same parallel of latitude 
until noon of next day. At noon, observe the meridian altitude of the sun; 
thus, the arc SH' becomes known, S being the position of the sun when on the 
meridian. Subtract SW from ZH\ and we have the arc SZ. 

QS is the declination of the sun. Now we know QZ and SZ; hence we 
have QZ-SZ=QS, or we thus ascertain the declination at noon of the 
sun. This quantity is tabulated in the Nautical Almanac every noon; it is 
a constantly varying quantity—hence there can be only one noon to which the 
xnown declination corresponds; so by hunting this up in the Nautical 
Almanac , the day, month, and year are at once determined. 
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A fcccond inethod of deternuning the date is to measure the distaace hetwecu 
the flun and moon with u sextant (Limar observation), or the diaUnce betweeu 
the moon and one of the principal Bfcars. These distanees are tubuluted in the 
Kautieal Ähnanac, They diffcr froin day to day, and the difference between 
any two days is sttffieient to fix the date* The “Lunar“ woidd give the 
longitude frtim Green w ick The intelligent read er will not need to he tohl 
timt tbcre are insuperabte diffieulties to the carry mg out of the foregobg in 
actual practice.* 


To wind up tlie chapter on Time, it is well to koow that with 
us the days of the week are nained after the deities in the Scan- 
di na via n mythology; but in astronomy they are represented by 
symbols having reference to the «un and certaiu of the planeta. 


i Monday (the MoonX 
S Tuesday (Mars). 

$ Wedne&day (Mercury). 


© Sunday (the Sun). 


V Thursday (Jupiter), 
9 Friday (Venus), 
h Saturday (Saturn), 


Sümetimes, when jaimned for room, it is convenient to tise 
these syrubols, and they are soon learned. 

It may also be interesting to know that in the northern and 
Southern hemisphetes the duration of snnuner is not the eatna 
The northern summet is the longer of the two, sinee the sun is on 
our side of the equator for ISfiJ days, and to the aouthward of it 
for the reinaining 178} days* 

Iu this chapter there has been no Httle repetitiou and rouch 
harping opon the same thing; but the writer will not regret the 
loss of spaee or literary effect, if thereby he has sueeeeded in 
making this (generally speaking) hazy suhject of Tims any 
elcarer to the understanding of seamen. 


* CApUiu S. P. H. Atkinaoa hat) clevedy poSnbod out that, m the otwerver ©ould uot 
U?U whether the tun waa moviug North or South, it woidd be iwceuAry to w*it 
Aod takc Ivo meridian altitudeu tu detertume which lirfe of the Boiitieo he wu cm. 
Also, that the observep* longitude is uukuowu, and m th« elnm tiU m the N,A. 
»re computed für uoon Grttnwick DaU, And not for aoon at Skip, our Ninticil 
Kip Vau Winkle would fttül be in & meuul fog m to thi euct d*te. To avereome 
this, Captain Atkinjvrm properes that the Lunar stuitiJd be uk-11 near the time of 
Petting the toeridiAO *kitude ? aud the inUrYAl moMured by WAteh, And mlluwed 
für in cpmp&rtng with the N,A. 

Tb it, ampkd *ith tha meridiAU Altkmle, would fit the Gre^wlch l>Ate, And the 
Lun Ar would give the O.M.T. m eloeely ab the incw&o 1 # Sem, Aud Hör. pArmlh telon ntjt 
for the ApprvximAte Q.M.T, (dctermiu^l by mughly ooneeUd App» Diät.) would AÜow, 
Tha Luuat theu wurk wl Afreeh with the cloincoti eorrecUd by the hut foimd Ü.1LT, 
woull gire a ctÜl beiter deteruuuetiou. 







CHAPTER VIL 


LATITUDE BY EX-MERIDIAN ALTITUDE OF A STAR 

With the exception of finding the hour angle (meridian distance) 
this work is exactly the mme as that for the sun. The stars, how- marld/’of Sun 
ever, have manifold advantages, inasmuch as, arnong other things, Btari - 
it is generally possible to choose those which will give the best 
results, whereas with the sun we have to take it as we find it 

As shewn in the previous chapter, much depends in this problem 
on a correct knowledge of the Time employed in the calculation, 
consequently it is important to choose such stars as will he least 
afected hy any error in this element. 

From the slowness of their motion in altitude, it follows that 
the stars near either pole are the best adapted for this Observation, 

Always give the preference, therefore, to such as have large 
declinations, of which the following is a list, in the Order of their 
Right Ascensions; but the examples given further on will shew 
that it is by no means necessary to confine one’s seif to these alona 


Achemar 

Declin. 68* 8. visible to 22” N. 

a Perseus 

Declin. 49* N. visible to 81* S. lültaUlltlZl 

Canopua 


68 S. 


27 N. 

Capelia 

»» 

46 N. 

ff 

84 S. —llmlt of 

* Argo Navia 


60 S. 


21 N. 

Dubhe 

ii 

62 N. 

ff 

18 s. vlilWlityla 

a Crux 

•• 

62 S. 


18 N. 

y Urs» Majoria 

M 

64 N. 

• • 

soa QPPoaito 

ß Centaur 

** 

60 S. 


20 N. 

Benetnasch 


60 N. 


so s. Iwaaloptoo«, 

a Centaur 


60 S. 


20 N. 

3 Uraaß Minoria 


76 N. 


6 a 

a Triangula Australi»,, 

69 8. 


11 N. 

Rastaban 


61 N. 


29 a 

a Pavo 

M 

67 S. 


23 N. 

Vega 

1» 

89 N. 


41 a 

a Grux 

» 

48 8. 


32 N. 

Deneb 

»» 

46 N. 

ff 

86 8. 


The above latitudes of visibility are in each case calculated for 
a meridian altitude of 10°, but in clear weather, and under 
ordinary conditions of temperature and atmospheric pressure, 
these limits may be exceeded, as it is possible to see stars at 
much lower altitudes—sometimes, indeed, on rising or setting, 
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when they are not unfrequently mistaken for & steamer's mast- 
head light. Owing, however, to the uncertainty of refraction near 
the horizon, it is not usually prudent to observe bodies having a 
wt^tow Ä * ^ ess ^tötude than 7° or 8°. When compelled to do so, however, it 
altttndM. is advisable to note the barometer and thermometer, also the sea 
temperature, and if the conditions are abnormal, correct the mean 
refraction by the Auxiliary Table IIL* of Norie. In such cases, 
endeavour to get an observation on the opposite side of the zenith 
as well, which will enable you, as already explained, to detect any 
unusual refraction. 

Another point wherein the ar-meridian altitude has a pull over 
ißorMJMd the altitude on the meridian, is, that during twilight (the best 
tftfStrrniSS time for observing) it may so happen that there is no star then 
culminating; whereas it would be hard lines indeed if one or two 
could not be found, the smallness of whose hour angle east or 
west permitted the use of this method. The reader cannot fail 
to see that, by it, the opportunities of getting the latitude are 
materially increased. 

Again, to watch for the transit of a star on a dark night 
requires no little patience, and it has a decidedly fatiguing effect 
on the eye. This is avoided by the ex-meridian, where one good 
night—without the bother of waiting, on a possibly wet deck— 
is all that is required. Nor does the sextant in this latter caso 
suffer by unnecessary exposure to the damp night air, which, by 
douding the glasses, requires a frequent application of the chamois 
leather; and this, in its turn—unless carefully done—is apt to 
put the instrument out of adjustment 

£i-K«ridlans All things considered, Ex-meridians are preferable to the 
»k««* tho ob- Meridian altitude. Compared with the gain, the extra work is 
trifling. 

About 3 A.M. on Sunday, June 6th, 1880, the following “Ex- 
merida” for latitude were taten on board the as. “ British Crown*” 
Eye 22 feet; no index error; chronom. slow of G.M.T. 3m. 57a: 
barometer, 30 # *52; air temperature, 58° Fahrenheit» 

Chroooueter. 

H. tL a. • , 

16 34 12 June 5th, obeerreJ alt • Altair, 50 17 S. 

16 43 13 „ „ • Polaria, 4$ 33| X. 

16 53 00 „ „ • Altair, 49 3£| S. 

At noon, June 6th, the same Chronometer shewed lh. 20ul COK. 
(25h. 20m. reckoning from previous dar), and the ship's positioo 
was 48’ 44' >» , and 20’ 53' W. Between 3 i.V and noon, the ship 
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made N. 70° E. (fcrue), 12*2 knots per hour; therefore, afc the time 
the Chronometer shewed 16h. 43m. 13s., wo have for the position 
by account—Latitude 48 n 8 # N., and Longitude 23° 22 # W. 


Example L (Twotoris Method.) 


H. M. 8. 

Time by Chronometer. 10 84 12 

Chronom. slow.+ 8 67 


OM.T. 10 88 09 

Longitade In time. 1 88 40 


Mein time at ship. 16 04 29 


Sidereal time at prtctdina ) . ^ 

O.M. noon. .7 .. .7 f •• 4 57 09 

Acoeleration for 10h. 88 m. 09§. .. + 2 44 


Right Ascension of the meridian. 20 04 22 
Right Ascension of • Altair .. 19 44 69 


m. s. 

•’s hour angle.. 19 23W. 


•'s obserred alt.Wli S. 

Correction—Table XV. of Norit. - 6 | 

•' trne altitode.60 ll| 

Angm. Table II., Index 40.. .. + 14f 

Augmented altitnde. 60 26$ 8 . 

90 

89 881 N. 

•'s Angmented declin. 8 86 N. 

Latitnde.48* OS^N. 


Example of 
•• Ex-merld.” 
by Towson’s 
method. 


Altair's declin., page 868 , N.A. . 8 83 12 N. 

Augm. Table I. of Totofon, Index 40 .. ..+ 1 48 


Angmented declination . 8 * 86 ' 00 V N. 


Example II. 


H. M s. 

Time by Chronometer. 10 68 00 

Chronometer slow.+ 8 67 


G.M.T. . 10 60 67 

Longitade in time. 1 83 10 


Mean time at ship. 16 28 41 


Sidereal time at prtceding ) . WftQ 

G.M. noon..f " " 4 67 09 

Acoeleration for 10h. 67m. .. .. + 247 

Right Ascension of the meridian. 20 28 27 
Right Ascension of • Altair .. 19 44 69 

•'s honr angle. 88 28W. 


Example of 
“Ex-merld.* 
by Norie’a 

•'s obserred altitnde. 4*9 88fS. method. 

Correction—Table XV. of Norie - 6 £ 

•’s trne alt.49"83y& 


Note.—A s this obserration lies beyond 
the scope of Towon'» Tables, reconrse is 
had to Norie'n method. The difference in 
length will be apparent 


M. s. 

Time from meridian .. .. 88 28 W. 


Log rising .. 814779 


Latitnde by acconnt .. .. 48 9 N. 

•'s declination. 8 83} N. 


Cosine .. .. 9*82426 
Cosine .. .. 0*99614 


• / Natnral Number. 927->2*90718 

•'s trne altitnde. 49 8318. Natnral sine. 70100* 

Merid. sen. distanoe .. .. 89 87 N. .. Natnral cosine.77088 

•’s declination . 8 88 $ N. 


Latitnde 


48"10J'N. 


The latitude as found by the Pole star was 48* ltf N., and by _ m-, 

allowing for the ship’s run in the interval between siebte, the first ** T * ral •*>. 

° to ono Urne 

for aake of 
oomparison. 


Do not take this out to more than flve places of figures. 
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STAR “ EX-MERID .” BY NORIE'S METHOD. 


“Ex-merid.,” reduced to time of observation of Pole star, gives the 
latitude at that moment as 48° 9£' N., and the second “ Ex-merid./’ 
reduced in like manner, gives it as 48° 9J' N. also. 

The following “Ex-merids.” were taken on board the s.s. “British 
Crown ” about 8*40 p.m. on the evening of June 6tb, 1880. The 
Position by dead reckoning at 9h. 51 in. 12a by Chronometer 
(which shewed lh. 20m. at preceding noon) being, latitude 49° 21' 
N., and longitude 18° 18' W. Eye 22 feet for all but the North 
star, which was observed from the bridge, where the eye was 
32 feet Ship supposed to be making N. 70° K (true), 127 
knots per hour since noon. Chron., 3m. 57s. slow of G.M.T. No 
index error. Barom., 30*32. Therm., 57° Fahr. To economize 
space, only the first and last sights are shewn worked out 
but the reader can work the others by way of practice, if so 
inclined. 


Chronom. 

9 42 8 ob«, alt. * Arcturus 
0 61 IS „ * Polaris . 

9 63 49 „ 1 Arcturus 

9 67 14 „ * Spica . 

10 6 2 „ * Spica . 


69“ 41' S. 
48 10 } N. 
GO 7} S. 
29 44} S. 
29 29} a 


I For sake of oompari- [ 
son the ans were are I 
reduced to time of ob- / 
servation of Polaris, \ 
namely 9h. 61m. 12s I 
by Chronometer. V 


Answers. 

Lat 49“ 24' N. 
.. 49 23} „ 

n 49 24} „ 
n 49 24} n 
m 49 25 „ 


E KAMPLE IIL 


H. M. S. 


Time by Chronometer. 9 42 3 

Chronometer slow.+ 8 67 

GMT..94600 

Longitude in time .. 1 13 24 

Mean time at ship. 8 32 36 


8 idereal time aipreceding G.M. noon . 6 16 
Aoceleration for 9h. 46m..+ 1 86 


Observed altitude • Arcturus . . 69* 41' 8 . 
Correction, Table XV. of ÜToris. . —6 


• s true altitude.69“ »S. 

A'ofa— As this observation exceeds the limits 
of Towson’s Tables, recourse is had to Norie's 
method. 


Right Ascension of the meridian . . 13 35 18 
Right Ascension of • Arcturus . . . 14 10 14 


«*s hour angle.34m. 66 s. E. 


Time from meridian, 84m. 56s. E.Rising 8*06428 

Latitude by account, 49* 20 ^ N...Cosine 9*81402 

•'s declination, 19* 48}' N...Cosine 9 97362 


Natural number, 711 — 2*SS1J2 


•'s true altitude . . 69* 30*.Natural sine . 86251* 


Merid. zem distanoe. 29 35 N. 
•'s declination . . 19 48} N 


Latitude. 49* 23}' N. p at instant of observation. 


Natural cosine . 86962 


* Do not take this log. out to inore than fivt placcs of figures. 
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Example IV. (Towson’s Method). 


H. M. 8. 

Tim« by Chronometer ...... 10 6 2 

Chronometer slow.+ 8 67 


O.M.T.. 10 8 60 

Longitode in time. 1 18 2 


Mena time at «hip. 8 66 67 

Sidere&l time at prteeding G.M. noon. 6 16 
Aoceleration for 10h. Om.+ 1 40 


Right Aacenaion of the meridian . . 18 68 43 
Right Aeoenakm of * Spica .... 18 18 55 


hour angle........ 88 m. 48a. W. 


• Spica'a obaerred altitnde . . . 28* 29? & 
Correction, Table XV. of NorU . - 6 } 

•’s true altitnde. 28 28* & 

Angm. Table EL—Index 102 . . + 28} 

Angmented altitnde. 28 62J 

80 

00 7|N. 

•’a angmented declination . . . 10 41} 8 . 
Latitude at time of obeerration . 48*20’ N. 


• 8pica’a declination, page 846, N.A..10* 82* 24* 8, 

Augmentation, Table L—Index 102 .+ 8 26 

•'a angmented declination . . . . 10* 41’60*8. 

It will be noticed that Towson’s solution is independent of the Taman. *■ 
latitude by dead reckoning, which is entirely excluded from the 
calculation. On this aecount, combined with the brevity and tbe lAtttnda. 
accuracy of the method, give it the preference whenever it is 
possible to do so. It may here be mentioned that the arrange- 
ment for making the correction from Table I. always additive , is 
effected on a somewhat similar principle to the one already 
described in connexion with the Nautical Almanac method of 
latitude by the Pole star, and is made purely for convenience. 

In example III. the number of minutes in the hour angle unfhTonrabl* 
exceeds the number of degrees in the meridian zenith distance— ^>nei%ian. 
which, in a star like Arcturus, having small declination, is an 
unfavourable condition; nevertheless, the observation is worked 
out to shew that, if carefully made, and the time used be reliable, 
the result will still be good. 

The foregoing examples are bona fiele, having been actually taken 
on board the " British Crown ” on a North Atlantic passage. They 
were selected at hap-hazard from among a large number of others ; 

equally good, and prove very conclusively the splendid results 
which may be obtained by the use of the ex-meridian problem. 

When the time is in error, the reductions on one side of the 
meridian will be too great, and on the other too small; if, there- 
fore, two stars on opposite sides of the meridian—having nearly 
equal hour angles—be observed within a few minutes of each 
other, the mean of the two results (each being first reduced to 
the same instant of time) will be free from any error due to this 
cause. Or, what amounts to the same thing, it may be possible 
to get the same star at nearly equal distances on both sides of the 
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ineridian, but in this last caso the skip sliould be stationary, or 
nearly so, or allowance made for change of position (see page 303)* 

Mr* A. Ü, Johnson, R.N., of H.M.S*" Bntannia ” has brougkt out 
a capiial little ex-meridian table,* which is extremely convement 
when the observer keeps well within the limits assigned to this 
problem. It occupies but one small page, and, with the rule for 
using it, can easüy be pa&ted on the fly-leaf of the Ep Home, Of 
course, in a table of such modest proportions, vcry great accuracy 
must not be looked for; but it is sufficiently exact for the ordi- 
uary purposes of navigatäon when in open water, and rcquires 
even less time to get out the result than Towson s method. 

Ex-meridians of the planets Venus, Mars, Jupiter, and Saturn, 
are workcd in a similar mariner to the fixed stars. As, however, 
their Right Ascensions and Declinations are eonstantly varying 
(the Latin word Plaiwta me&ns a wunderhig star), it is necessary to 
correet them for the Greenwich Date.'f They will be found in the 
Eautical Atmanac for 18S4, between pages 22ö and 2G5, In other 
respeets the problem is precisely the sarae, even to the correetion 
of the observed altitude^ so that an example is unnecessary. 

So far, ex-meridiana above the Pole have only been treated of; 
but as occ&sion may offer to observe them belmv the Pole, and the 
results derived from this problem being just as correet as any 
other, it is proper to give a few examplea Uufortunately, in tliis 
case, Towson'a tables are disquaiified for use in the ordinary 
navigable waters of the globe. To be of Service, the observer 
would require to be on the polar eide of 70’ of latitude; therefore 
Nories method, slightly altered, must be used instead, 

On board the ss. "British Crown" about 11 PJL on Saturday, 
June I9th, 18S0, the elouds were seen to break low dowu on the 
nortkern horizon, and disclose a bright star shining in the midst of . 
a small clear space, To the eye there was nothing by which this 
solitary star could be rccognized A bearing of it by Standard 
co m pass, when corrected for Variation and de via t ion, gave its irue 
azimuth as N. 2° \V., making it evident that the star—whichever 
it might be—was approaching its lower culnniiation, 

* TAbl« 1L, p*kg« H, In liü vtry exwüeiit jjaiuphlbt ** i)n findmg tht Latdud* and 
Lonyttude In daudy w<ntAer t and &t otArr Umm .** Publkhed in London by J. D. 

PotUr, 31, FowUry. 

+ Gm*» WICH DaTI i« the lim« &t ürcunwich correiponding to fcny fircu 

tim« «IwdwUt'r«. 1 * RfifKsr, |»w», 4SI, png« 1^7, aiath editioa. 

I pinllm nmy U diircgnnlml ln the c*k of Jupiter and Saturn it m an utt^riy 
inrignifliant quaotity ; and in that of Venu», aoldum eaoeede 15". Sino« il U, ln aU 
caee», the eelimated etntrt of the radiAnt poiut whleh will be braucht ibwii to U&e 
horuöii, ftemi-dUrooter may alw b« dUre^rded. 
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Reference to Table XLIV. of Norie shewed that Capella had 
passed the meridian above the Pole at 11b. 9m. in the forenoon, 
and would consequently pass the meridian bdow the Pole at 
11 h. 7m. on that very night. This, therefore, must be the star 
which, out of the many in the heavens, happened to be the only 
one visible. On computing Capella’s meridian altitude,* its close How to oom- 
agreement with that observed made the identity of the star no 
longer a matter of conjecture. It was accordingly decided to Po10 - 
secure sights, to be worked up as ex-meridians belovu the Pole, and „ 
also, if possible, to get its Lower meridian altitude. 

Äs a check on Capella—the altitude being so very small—it 
was important to get a star to the southward, and on referring 
again, with this in view, to the same Table in Norie, it was dis- 
covered that the «star Ras Alhague (a Ohpiuchi) would pass the 
meridian to the southward at 11*34 p.m. But as the sky was 
corapletely clouded over, with the exception of the aforesaid small 
break to the northward, and as, moreover, the writer was unac- 
quainted with this particular star, it was not likely the wish 
would be gratified; nevertheless the meridian altitude of Ras 
Alhague was computed, in readiness to place upon the sextant in the 
event of the clouds breaking up. This actually occurred shortly How to be 
after, and through a rift in the clouds the needful sight of the 
coveted star was obtained. 

Had the approximate altitude not been calculated beforeliand, 
and the sextant set to it, the observation would certainly have been 
lost; as the star, with three or four others, only remained visible for 
half a minute or so, and could not, even if recognized, have been 
brought down to the horizon with exactness in so short a time. 

The following are the observations as actually taken, but want 
of space does not permit of them all being worked out:— 


Chronometer. 


p. M. s. 


<«) 

12 

33 

82 observed alt. • Capella 5 82$ N. 

(P) 

12 

43 

45 

„ » 6 27* „ 

00 

12 

60 

24 

„ „ 6 25$ „ 

00 

12 

53 

00 

„ „ ß 25$ „ 

(e) 

12 

67 

9 

»• „ 6 25$ „ 

t f) 

13 

10 

1 

i» »» ß 28 „ 

07) 

13 

20 

48 

.. „ 5 34} „ 

(A) 

13 

26 

19 

„ * a Ophiuchi 63 22$ S. 


Eye 30 feet. Index error 4* 45*. Chrono¬ 
meter slow of O.M.T. 4m. 00s. 

Barometer, 29* 40. Air, 56“. Water, 57*. Po¬ 
sition by acconnt at 12h. 63m. 00s. by 
Chronometer: Latitude, 49* lö' N.; Longi- 
tnde, 25* 63* W. Ship wiaHhj g. 70* W. 
(trne) 11*2 knote per hour. 


For sake of comparison, the various latitudes in the answers 
are all reduced, for the run of the ship, to 12h. 53m. by Chrono¬ 
meter, at which time Capella was on the meridian below the Pole, 

* Eule for computing the approximate meridian altitude bdow the Pole:—From the 
latitude by account subtract the Btar’s polar distance. Simple enough ! Isn’t it ? 







“EX-MERIDS.” OF STARS BELOW THE POLE . 


Example L {a\ 


H. M. 8. 

Time by Chronometer. 12 88 32 

Chronometer slow.+ 4 00 

O.M.T.. 12 87 82 

Longitade in time .. 148 00 

Meen time et *hip - • - * - - • 10 54 82 
Sidereel time at preeeding O.M. I 5 gj 21 

noon.I 

Acceleration for 12h. 87m. 82 b. -- + 26 

Right Ascension of the meridian - 16 48 68 

Right Ascension of • Capelia - - 6 7 61 


Gapella west of the meridian, above ) ^ 41 07 


12 

Gapella’s honr angle west of the) M. 8. 
meridian, Motötnepole - - - f 18 63 


Obeerred alt. of * Gapella - - • 6 32} N. 
Index error + | 

6 88 

Correction—Table XV. of Norie - — 14 } 

• ’s trne altitnde.6*18}'N. 

• 's declination, page 828, N.A - 46 64 

80 

• ’■ Polar distance. 44*07}' 


Time from the meridian below the pole, 18m. 63s..Rising - 2*68078 

Latitnde by account, 49* 13}' N..Cosine - 0*81601 

• ’s declination, 46* 62*' N..Cosine . 0*84276 

Natnral nnmber - - 164*= 2*18940 


•*s trne altitnde, 6* 18}'.Natnral sine ... 00244 

• / " 
Lower meridian zenith distance - 84 47 • * - Natnral cosine > - 00000 
00 — 

Trne lower meridian altitnde - - 6 18 
• 's Polar distance.44 7} 

Latitnde. 40 20} N. 

Redaction for ship’s ran - - - — 1} 

Latitnde.49* 19}' N at 12h. 68m. by Chronometer. 


Example IL ( b ). 


H. M S. 

Time by Chronometer. 12 43 45 

Chronometer slow.+ 4 00 

O.M T.. 12 47 45 

Longitade in time.1 43 11 

Mean time at ship. 11 04 34 

Sidere&l tiroeat preeediiuj O.M. noon 5 52 21 
Acceleration.+ 26 

Right Ascension of the meridian • 16 59 1 
Right Ascension of * Capella - - - 5 07 51 


Honr angle west of meridian, above ) 

the pole.- - f 11 61 10 

12 

Honr angle west of meridian, below ) h. 

the pole.f 8 50 


* Capolla’s obeerred altitnde - - 

Index error. 

Correction, Table XV. of Norie - 

• Capella’s true altitnde .... 


6 271 N. 

+ t 

6 28 
- 1*1 

6*131' 


• In ex-meridians below the Pole, the natural number must be »ubtracted from the 
natural sine of the true altitude. 
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Time from the meridian, 8m. 60b. W..Rising - 1-87080 

Latitude by account, 49" 13fr' N..Cosine - 9*31501 

•'s declination, 46° 62fr' N..Cosine - 9*84275 


. . Natural tmmber - • 84» 162866 

•’s true altitude - - - - 6 13fr N. - - - - Natural sine - - - 09100 


Meridian zenith distanoe • 84 48 .... Natural oosine - • 06066 

60 


True meridian altitude - 6 12 N. 
•’s polar distanoe - - * 44 7fr N. 


Latitude.49 19fr N. at time of sight. 

Correction for ship’s run-fr 


Latitude.49* 19' N. at 12h. 53m. by Chronometer. 

Example IIL (</). 

In strictness, this example, not being an ex-meridian, belongs 
to a previous chapter, but it is introduced so that the resulting 
latitude may be compared with that given by the other sights. 

O / 

Observed alt of * Oapella on the merid. below the pole 5 25} N 


Index error.+ } 

6 26 

Correction, Table XV. of Norie .- 14} 


* Capella’s true meridian altitude 

* Capella’s polar distunce - - - 


- 6 11} N. 

- 44 07} N. 


Latitude. 49° 18}'Kat 12h. 53m. 


Example IV. {g\ 


Time by Chronometer 
Chronometer slow - 


H. M. s. 
13 20 48 
+ 4 00 


G.M.T.. 13 24 48 

Longitude in time. 1 43 57 


Mean time at ship. 11 40 51 

Siderealtimeatprecedin^O.M.noon 6 62 21 
Acceleration.+ 2 13 


Right Ascension of the meridian 
Right Ascension of 41 Capelia 


17 86 26 
6 7 51 


* Capella’s observed altitude 
Index error. 


& 84} N. 

+ I 


Correction, Table XV. of Norie -14: 


•’s true altitude.6 20} N. 


Note.—A ttention is called to the change in 
name of the hour angle. As the t veeterly 


Hour ftnirle wmt at meridian dbove )_ 1 name of the hour angle. As the t veeterly hour 

the Dofe - * • - 1 12 27 34 ' angle above the poleis greater than 12 noura, 

^ 12 | the excess is of necessity equal to the hour 


Hour angle eaet of meridian, beloto ) 
the pole. ) 


M. s. 

27 84 


angle eaet below the pole, 
on page 240. 


Time from the meridian, 27m. 84s. E..^ Ä . n * * 

Latitude by account, 49* 18fr N.. 

* Capella’s declination, 46* 62fr' N.. 


der to diagram 


2*86884 


Capella’s true altitude 


- - 6 20 } 


Cosine - - 9*81601 
Cosine - - 9*84276 


Natural number - - 829 = 2*61660 

Naturaisine • - - 09317 

Natural oosine - • 06088 


Lower meridian zenith distanoe - 84 60fr 

90 - 

True lower meridian altitude - - 6 9fr N. 

• Capella’s Polar distance - - - 44 7fr N. 

Latitude.49 17 N. at time of sight. 

Correction for ship’s run - - - - + 1} 

Latitude.49 18} N. at 12h. 68m. by Chronometer. 




























272 


“ EX-MERIDS? OF STA.HS BBLOW THE POLE . 


Examflb V. (h\ Towson’s Method. 

* Ras Alhagne above the pole to the south ward. Taken as a check on Gapelia. 


Time by Chronometer.13 20 10 

Chronometer «low ...... + 4 00 

O.M T..18 80 19 

Longitude in time. 1440 

Mean time et «hip.11 46 18 


Sidereel time at prteeding O.M. 


Acoeleration for 18h. 80m. 19 b. - - + 213 


Right Asoension of the meridien - 17 40 47 
Right Ascension of • Ree Alhmgne 17 29 25 




Obe. eit of * Ree Alhagne - - - 58 22} 8. 
Index error .+ | 

58 28} 

Correction—Teble XV. of Norie - — 6 
68 17} 

Angm. Teble IL, Index 15 - - - + 6} 

Angmented eit..68 22f 

90 

86 87} N. 

Angmented declination - - - - 12 89} N. 

Latitude at time of sight • - • - 49 17 N. 
CorrecUon for ran .+ 2 

Latitude at 12h. 63m.. 4ST W N. 


Declination of • Ree Alhagne. 12 88 63 N. pege 854, N.A. 

Angm. Teble L, Index 15 ..+ 68 

Angmented declination. 12'8P40"N. 

About 915 P.M., Monday, June 21st, 1880, being in latitude by 
acc. 45° 20' N., and longitude 37 e 57' W., from the bridge of the 
as. British Crown , Capelia and the North Star were observed foi 
latitude. On referring to Nories Table XLIV., the former was 
found to be west of the meridian below the Pole, and the North 
Star east of it Eye 32 feet Index error, + 30". Chronometer 
slow of Greenwich mean time, 4m. 00a Barometer, 29"*98. Air, 
56°. Water, 59°. 

Chronometer 11h. 38m. 34a., obeerved alt * Capelia - - - 4° 61J' N. 

„ 11h. 41m. 20s., „ „ North Star - - 44° 13p N. 


Examplb VL 


H M 8. 

Time by Chronometer. 11 3884 

Chronometer alow .+ 4 00 

O.M.T.. 11 42 84 

Longitude in time.2 81 48 

Mean time at ahip.9 10 46 

8idereal time at prteeding O.M. > w 14 

Acoeleration for 11h. 43m. - • - - + 1 66 

Right Ascension of the meridian - 16 12 66 
Right Ascension of » Cape 11a ... 5 7 61 

• ’s hour angle wost of meridian,).. . . 
above the pole.1 

12 

1 64 66 


Obeerredalt • Capelia - - - • 4 61} N. 
Index error.+ } 

4 62 

I>ip.- H 

4 46} 

Refraction — 10 } 

• ’s trne altitnde. 4* 86 }'N. 


• 's honr angle west of meridian,) 
below the pole.f 
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Tim* from meridian, lh. 54m. 55s. W. .RIsing - - 4 00025 

l^± tude by socoun t, 45* WN.. Cos ine - - 9*84694 

• CftpeUi'i declinatio n, 46* 62J' N* - ........ Coeine - - 9 84275 


•’s trne altitude. 

Lower meridian zenith distance - 

Trae lower meridian altitude • - 
•’s polar distance. 

Latitude. 


4 86* - 


- 83 51 N. 

»0 

- 1 9 N. 

- 44 7* N. 


45* 10*' N. 


Natural number 6025 - 8 77994 
Natural sine - 08027 


Natural cosine 02002 


Example YIL (Pole Star & A. Metliod). 


H. M. S* 

Time by Chronometer.11 41 20 

Chronometer slow. + 400 


G.M T.. 11 45 20 

T^ngitnHn in time.- - 2 81 48 


Mean time at ship.9 18 32 

8idereal time atO. M. noon 6 00 14 
Aooeleration for 11h. 45m - - - - + 1 56 


Right Ascension o £ the meridian - 15 15 42 


Obeerred alt. Pole star - - - - 44 18* 

Index error.- - • + | 

44 14 

Correction—Table XV. of Norie - — 6* 

44 07| 

Constant - - - - - - - - - — 1 

Reduced altitude. 44 6f 

First correction.+ 10J 

Second correction.+ 0* 

Third correction.+ 0| 

Latitude .45* IT N. 


The very close agreement of all these results might lead thoae 
not well posted in star work to suspect that they had been 
" cooked.” Such, however, is not the case. Wherever the name 
of the ship is given, the observations are those which were actually 
taken, and have not been altered in any way whatsoever. In many 
instances (of which this is one) the stars were observed and 
calculated in the presence of the officers of the vessel, who can 
answer for the perfect honesty of the work. This is mentiöned 
to dispel any doubts as to what stars are really capable of. The 
beginner can scarcely hope for such a nice accordance of results, 
but a moderate amount of perseverance will prove the truth of 
the adage—“ Practice makes perfect.” 

In Example YI. Capella has been treated as an ex-meridian for 
latitude, but from its very large hour angle (lh. 54m. 55s.) putting 
it beyond the prescribed limits, it must be regarded as an extreme 
case, and is expressly chosen on that account to assist in illus- 
trating what will presently be said about the North star. An 
error of 15' in the latitude by account used with Capella will not 
appreciably affect the result, but an error of 15' in the longitude wbj «tars 
(equal to 1 minute in the Time) would put the answer wrong 
some three miles, sliewing the impropriety of placing dependence eboaen for 
on ill-conditioned observations. If Capella’s declination were but 

8 
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Jarger (say 70* instead of only 4G°) a similar error in fctaö time 
would not affect tbe result n early so mucli, proving thai g re ater 
Hberties in this respect ean be taken with tbe stars near the PoIes p 
such for example as Dubhe* and tlie brilüant one in tbe foot of the 
Southern Cross. 

To tbcse, therefore, the rule for the sun, timt the number of 
minule* in tlie hour angle should not exceed the n umher of degrees 
in the nieridian zinith distance, does not apply. 

The inost notable instance of thia is to be found in the North star, 
whieh is so close to the Pole that (as previously stated) an error in 
the time of half an hour, wlicn near its upper or lower meridmn pas- 
sage, will fail to produce an error of eveu one rnile in tlie an sw er, 
It has probably never occurred to the naiitical reader, whea 
figuring out the Latitude by Pole star/’ ihat to all inten ts and 
purposes he is working an ex-meridian, Such, however, is rcalJy 
the case, though ninety-nine out of every huadred are delnded 
into believing it to be a special problem, pecoli&r io this star alooe, 
The plutn fact is, that the North star’s extreme slovrness of 
Motion, due to its small diurnal circle, perinits of a handy tabl© 
bfcing culculated to do away with tbe tediurn of the longer pro- 
cesa* A aoroewhat similar table nvigbt, indeed, be computed für 


* To ihcw that tbe familiär North *tar prublem b nothing moie fcbaii an eit meridiaa 
in dayuae, Eauuapl# V 11. U hert giveu ovttr agjin, worked out siimiarly to Capell*- 

IL M S, 


Itijtht Aaeemion of mcridian, tm 1 

(«for..I 15 tS U 

ELpht AacensiLin of Pole etar, 
N.A,pa£e314.* 


1 14 43 


Hoctr angle w**t of meridioa a&ouff 
tbe pole -.; “ w w 

n 


Hoitt angle esst Of jneridbin fwfow 1 
Uw pole ------ f 1 00 ‘ 

Time fr^tn the meridian, 2h. Goto, &0e, K. 
LeÜtmie by arruimt* 4&’ Äf N. * * * - 
Düclioatioü of Pole «tar, ÄS* N,- - - 


Deeiinatfcm of Pole sUr - - * - S9 «0 3T. 


• 1 polar diitoJice 


■ 1* KT N* 


Rhänp: 


- - i mm 

* - l> MU'J4 
CotiB* - * - B30CT& 


Tto« jütltode of Pole ater - - 44 TI N* * 
LowvrmeridJbiu seoitJ) dLüence 44 S * 


NetoTal iminbar 
K&ttir&I tiue * 


Natonü coalne «MOS 


t 1347» 


1/.WKT tncFddUiJa aJUtode - > 43 57 X. 


•'s [KiUi* dUUiice - - * - * ISOM, 

Litüt «de.. ir N. Tbe nme u before. 


Tbe writer ii Uut evr&re of eJ-meridiÄO« bdov (hi Pol* h4vbg beeß treaUd of b mj 
etber work 00 »vigJiUoiL It U hoped thelr pnoti»! utiüty hw beea falty 
etr4ted. 
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any otlier circumpolar star, but in no sense would it pay to do so. constnictlon 
If the reader be curious to know how tliis table is formed, he will use^ri^Poli 
find a very easily undei*stood account of ifc in the explauation to ■***• 

Norie’s Table XVII. 

The two books of Towson—his Ex-meridian Tables, and BindToweon'» 
Practical Information on the Deviation of the Compass, Sic. —should, J^Sier for 
for convenience, be put together in one strong binding; and the oomrenienoa 
reader is recommended to adopt this plan with regard to them. 

To finish with this problem—Do not forget that the latitude 
found by an ex-meridian (whether above or below the Pole) is 
that of the ship at the moment of observation , and if required for 
any other time, must be reduced to it, according to the course and 
distance made in the intervaL Beau this in mind. 


CHARTER VIII 

LON0ITUDE BT CHROKOM KT Eft, 


If t in the deterruination of latitude, Time be an element of im- 
portanee, it becomes an absolute neeessitt/ wbere longitude is con- 
cerued—tbis Iatter being invariably fournl aSoat by a comparison 
of the time afc sliip with the time at some other place wbicb may 
happen to be chosen as a atarting point froin whicb to measure. 
uö thie atarting point js the meridian of the transit instm- 
Obserratory ment at the Royal Observatory of Greenwich; and it is probable 
&tare*nwicb* by international consent, thie will in future bo considered 
the First Meridian for the entire globe, aml foreign Charta gradu- 
ated accordingly, 

tongitudfl— The longitude of a place, therefore, by our reckoning, may be 
^nd meafiured defiued as an arc of the ttjuator, included between the meridian of 
Greenwich and the meridian of the particutar spot referred to; and 
is measured either in epace (°' w ), or in time (^"^X Or, sine© the 
ineridians all run tagether to a point at the polea, the longitude 
of any place on the eartli's surface may also be defiued as the 
angle at the Pole, included between the meridian of the place and 
501X16 assumeJ First Meridian, such as Greenwich, 

Owing to tbis convergenee of the ineridians just aliud cd to, a 
degree of longitude has different absolute vaiuea, according to tho 
Latitude in which it is measured, Thus, a degree of longitude 
on the equator is equal to GO nautical or geographica! miles, In 
the latitude of Christian*, in Norway (60° N.) # it is equal to 30 
miles; in 20^' N.—the highest lat im 16 att&iued by Captaici 

Markhain in tlie recent Arctic Expedition ander Cupütiu Sir 
George Nares—a degree nf lontritude is i.nly 7 miles; and at the 
North Pole iteclf, in latitude 90", longitude hus no existence what- 


V*Utte ln 
dUTerent 
UUtUiUs. 
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ever, and the sun always bears true south duriug the six months 
of the year that it is visible. 

When referring, therefore, to a measure of longitude, it is im- 
proper to use the word miles. The Symbols 0 '" should be spoken 
of as degrees, minutes, and seconds. 

As the sun, which is the great timekeeper for the World, returns 
every 24 hours, or thereabouts, to the same meridian, after 
describing a complete circle, or 360°,—it follows, by simple 
division, that one hour of time is equal to 15° (degrees) of longitude; Longitude in 
one minute of time is equaJ to 15' (minutes) of longitude; and one SJJJirted 
secondoftime is equal to 15" (seconds) of longitude. tot0 

As mentioned in a previous chapter, there are several astrono- 
mical modes of taking account of time, but that which regulates 
the business of life is naturally reckoned by the sun, which divides 
the 24 hours into alternate periods of day and night—light and 
darkness. It is mid-day, or noon, at a place when the sun is on 
its upper meridian, and midnight when on its lower meridian, at 
which latter time it has accomplished half (180°) its jouraey 
round the earth. Owing to the earth revolving left-handed on 
its axis, the sun passes the meridian of places to the eastward 
before it comes to us, so the time at such places must necessarily 
be in advance of ours; consequently, a Citizen of New York, in News 1 ry 
74° west longitude, may (about 7 in the morning of hia time) 
receive a cablegram from a friend in London telling him of his betwsen 
marriage, which had taken place that same forenoon at 11 o'clock, ttnw 

and of his intention to embark for a honeymoon tour in America. 

In this case electricity, in conveying the news, had outstripped 
the sun in the race across the Atlantic—in fact, had beaten him 
by several hours—since the New Yorker at 7 in the morning 
(perhaps while still in bed) had intelligence of what had alreody 
occurred in London at 11 A.M. of the same day, 

According as to whether his own time is ahead of Greenwich 


or behind it, the navigator is enabled to decide whether he is in Bllle 
east or west longitude; and one is saved the trouble of even think- muning 
ing over this question by the well-known rhyme— wuvotwmI 


44 Longitude west, Greenwich time best 
Longitude east, Greenwich time least” 


As an astronomical question, the determination of longitude 
resolves itself into the determination of the difference of time 
reckoned at the two meridian» at the same absolute instant For 
seamen, the only reaUy practical methods of effecting this are— 
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TUE J rooy AS A CHRONOMETER, 


Money value 
of cUrono- 
metera. 


lf LutJit 


Moo-n’a 
motioa in 
iier orbit. 


first by the Chronometer, and secondly hy Lunara. These last, 
however, are rapid ly dyi ng out, and are mostly looked upon now 
as "fancy navigation." Excelleut Chronometers can be purchased 
hrand new for £25 to £30; when second-hand, and equally good, 
for much leas; in faet, they are becoming a drug in the market, 
The better dass of vesaels seldoni carry fewer than three. 

Till Harrison s Invention of the first useful artificial marin© 
Chronometer was given to the world in 1705, through the well- 
judgcd beneficence of the British Government, the only Chrono¬ 
meter gencrally available for finding longitude at sea was that 
great natural Chronometer prosented by the moon in her orbital 
motion round the earth. 

Imagine a line joining the centrcs of inertia of the eartb and 
moon to be, as it were, the band of a great clock, revolving round 
the common centre of inertia of the two bodies, and shewing timo 
ou the baokgfound of stars for a dial 

If the centrcs of inertia of the moon and earth moved uniformly 
in circles round the common centre of inertia of the two, the 
moon, as seen from the earth, wonld travel through cqual angies 
of a great circle among the stars in equal times; and thus our 
great lunar astronomieol clock would be a perfecÜy uniform time- 
keeper* 

This supposition is only a rough approximation to the truth; 
and the moon is, in fact, a very irregulär Chronometer, 

But thauks to the matheinaticians, who frora the time of 
Newton bave given to what is callcd the "Lunar Theory" in 
Physical Astronomy the perfection wtiich it now posscases, we can 
fall, for years in advance, where the moon will be relatively to th^ 
Stars, at any mornent of Greenwich Time, tuore accurately than it 
can be observed at sca, and almost ns accurately as it can b© 
observed in a fixed observatory on shore, He nee the error of the 
clock h knowu more exactly than we can read its indications at 
sea, and the accuracy with which we can lind the Greenwich 
Time by it is practically limited by the accuracy with which we 
can ohserve the moon’s place relatlvely to aun, planet, or star, 
This, unlmppily, is very rough in comparison w ith what is wanted 
for navigation, 

The moon performs her orbital revolution in 27'321 days, 
and, therefore, inoves at an average rate of tP*53 per hour, or 55 
of a minute of angle per minute of time Hence to get the 
Greenwich Time correctly to one minute of time, or longitude 
within 15 r , it is neecssnry to observe the moon's position accil- 
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rately io half a minute of angle. This can be done, but it is 
about the most that can be done in the way of accuracy at sea. 

It is done, of course, by measuring, wifch the sextant, the angu¬ 
lar distance of the moon from a star, as nearly as may be, 
in the great circle of the moon’s orbital motion. Thus supposing Amount of 

m m _ m _ ji 

the ship to be navigating m tropical seas, where a minute of 
longitude is equal to a mile of distance, a careful navigator, 
with a good sextant, whose errors he has carefully determined, 
can, by one observation of the lunar distance, find the ship’s 
place within 30 miles of east and west distance. If he has 
extraordinary skill, and has bestowed extraordinary care on 
the determination of the errors of his instrument, he inay, by 
repeated observations, attain an accuracy equivalent to the 
determination of a single lunar distance within a quarter of 
a minute of angle, and so may find the ship’s place within 7 
miles of east and west distance; but, practically , we cannot 
expect that a ship’s place will be found within less than 20 
miles, by the method of lunars, in tropical seas, or within 10 
miles in latitude 60°; and to be able to do even so much as 
this is an accomplishment which not even a good modern 
navigator, now that the habit of taking lunars is so much- lost 
by the use of Chronometers, can be expected to possess. 

To be able, therefore, to place any reliance on Lunars, requires a Lunar« 
really first-class observer, and constant practice, and even then the 
results are at best but approximate, “ inasmuch as the errors of 
observation are multiplied in their effects on the resulting longi¬ 
tude by a factor whose mean value is about 30; consequently an 
error of only 10" in a Lunar Distance (and we presume that under 
the most favourable circumstances we have no right to expect 
less—and in most cases it would probably be very much more) 
becomes 300" or 5' in the resulting longitude deduced from it, and 
this, be it observed, is independent of an additional error of from 
6' to 8 # due to a small uncertainty still existing in the place of the 
moon as given in the Tables.”* 

Raper also says,—“ Great practice is necessary for measuring 
the distance successfully; and the application of so many small 
corrections as are necessary where accuracy is required is, even 
with extraordinary care and some skill, scarcely compatible with 
extreme precision." 

Also in a fooonote on page 333 of his 13th ed. we find the 


See Admiral Sir Chas. Shadwell “ On the Management of Chronometer i . 1 
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following:— !+ Tlie Rev, G. Fisher» in the appendix to Oaptain 
Parrys second voyage, states that the mean o£ 2500 Lunnrs 
observed in December differed 14' from the mcan o£ 2500 observed 
in March following; and that the mean o£ tbe observations mado 
in the same summer differed 10' from these last, or 24* from the 
first" Captain King» in his survey of AustraKa, notices a dlscre- 
paney of a aimilar kind to the araount g£ 12' at tbe Golboura 
Islands. 

Sir W. Thomson, who is considered one of the most profound 
mathcmaticians of onr time, referring to this question in bla 
“ Lee tute on Navigation " says —“ I shall say nothing o£ Lunars 
at present, except that they are but seldom used in modern 
navigation, m their object ia to determine Greenwich Time, 
and tliis object, except in rare instances, is now-a-days more 
correctly attained by the use of Chronometers than it can be by 
tbe astronomical method” 

In the dass of vessels rnost likely to need Lunars (namely, those 
small craft which, for sake of economy, carry but one Chrono¬ 
meter), it is not likely that an expeusive Sextant or Quin tan t will 
be found; and lf by chance it were, it ia questionalle whether 
the requisite expertnesa in observing and calculating would 
accompany it. 

In the ordinary cbeap sextants the di Vision s of the arc are 
unreliable—soraetimes to the extent of 2—which puts them 
entirely out of the question for Lunars. In poor Instruments, 
also, the cutting of the vernier and are at any given angle will 
often not coincide exactly, and judgment may assigu the wrong 
reading, 

Once upon a time, Lunars used to be the crucial test of a good 
navigator, bat that was in the lf good old days 11 when ships wero 
mado snug for the night, and the East India ** Tea*Waggons ” took 
a couple of years to make the round voyage. 

The writer o£ these pages, during a long cxperience at sea in 
all manner of vessels, from a collier to a first-clasa Royal Mail 
steamer, has not fallen in with a dozen men who had themselves 
taken Lunars or had even seen others do so. Whether Lunars 
are worth cultivating or not may, in the minds of some people, 
still be open to question, but certaiu it is they have fallen into 
disuse, and, without in the least belog endued with the mantle of 
prophecy, the writer ventures to say they will never be resurrec- 
tionised, for the best of all reaaons—they are no longer requiretL 

Nor is there the same neeessity for them as of yore, Steam is 
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superseding sail, and voyages generally are shorter than formerly. 
Now-a-days, also, as the longitude of most places on the globe has 
been correctly determined, there are infinitely greater opportunities 
for rating Chronometers. 

Thanks to the persevering research of Mr. Hartnup, the able 
astronomer at Bidston, who has experimented for this purpose with 
over 3000 Chronometers, the fluctuations of rate due to temperature 
are fully understood, and rendered capable of easy application. It OorwctoreMi. 
may, therefore, be confidently stated that there is now no reason naweaSty 
why (on board steamers, at least) the correct Greenwich Time obtaiae<1, 
should not always be known within eight or ten seconds at the 
very oitside. 

On ehore, differences of longitude can be determined with raumem 

0 longltndi, 

marvellous accuracy by means of the electric telegraph, used in how dtter- 

connection with the Transit instrument, Astronomical clock, and Wl<l iy ^ 

, ' on snon. 

Electro-chronograph. This last-mentioned instrument may be 
regarded as an appendage of the clock, and is a contrivanee for 
visibly recording on a sheet of paper each successive beat of the 
dock. This is very simply and readily accomplished by elec- 
tricity. The instant of the occurrence of any celestial phenomenon 
is also registered on the same slip, in such a manner, that it can instnuiiiiits 
be referred to the preceding clock-beat with great precision. In ***** 
fact, the interval between two successive beats of the clock can 
be easily divided by scale, so as to admit of the time of the 
occurrence being read off to the one-hundredth part of a seconcL 
The Chronograph, therefore, by subdividing minute portions of 
time, performs a similar office for the clock that the Vernier does 
for the Sextant. 

In ascertaining differences of longitude, the usual method now Aotnai mode 
employed is to note the time occupied by a certain star in passing optrÄtlÄn * 
from the one meridian to the other. Roughly stated, the mode 
of carrying out this Operation in practice is as follows:—At each 
Station there is a properly adjusted Transit instrument, also a 
Chronograph, and at one of the stations an Astronomical clock, 
the rate of which has been carefully ascertainecL Further, it is 
necessary that the stations should be placed in direct telegraphio 
communication with each other. 

When the star agreed upon enters the field of the transit 
instrument at the eastern Station, the assistant to the observer 
sets the Chronograph in motion, and, by a preconcerted signal, 
notice is given to the observer at the Western Station to do the 
same. The clock, then, by suitable electric Connections, records 


282 STGHTS TA KEN ON THE PRIME VERT1CAU 

its bcats on both Chronographs siinul taneously, and the instant of 
the star s transit ig also recorded at the proper time, by the 
observier tonching a small spring known as a "signal key” This 
constitutcs tbe first half of the business. When tlio star, ln du© 
course, arrives at the meridian of the Western Station, the fore- 
going Signals are tbere repeated in a precbely slniilar manner, 
which completes the Operation, 

The Chronographie Registers are then consulted, and the interval 
measured by the clock (a/ter bring correeted for its rate ) is, o£ 
course, the difference of longitude between the two stations, The 
foregoing is but one of several telegraphie methods for determin- 
ing differences of longitude on shorc. 

rnfferencaa of At sea there is no means of exactly noting the transit of a 
bowdeter- heavenly body, so local time on shipboard is always found from 
jumedauea. an aititude of some celestial object, observed with the Sextant, 
and measured from the Sea horizon, The computation of the 
hour angle or meridian distance is then made, and the resulting 
local or ship time is compared directly with the Greenwich Time 
given by the ehronometer at the instant of the observatioiL Next 
to the meridian aititude, tbis problem is about the most famüiar 
to the navigator, and yet experience proves that it is but very 
Ko direct imperfectly understood by tbe majority, Jt is quite eommonly 
©rrorscif 1 ™* 0 m FP ose ^ that the error in the longitude is »triri lg proportional to the 
Observation error in the aititude *'—thus, i£ on a hazy day, the obsorvation is in 
^thereauit doubt some 3'or 4',it is innocentlyconsidered that tbis also is tbe 
limit of error of the longitude, Not so, however, as will presently 
be shewn \ the error in the longitude may easUy be treble the 
error in the aititude. (See Table II. # page 291), 
prap«r tim* For sights to give the longitude currectly, thexf must be taken at the 
to teJe« r i, A t n me : —that is, when an error either in the latitude of the 

ror lünffltudfl, ^ 

observer, or in the aititude observed, will produce the least effect 
on the hour angle, To fulfil this condition, the body must be ob¬ 
served when it is on the Prime Vertieal. These two last appear big- 
sound ing words, and some people allow themselvea to be unne-* 
ceasarily scared by them, although they are capable of very simple 
eiplanatioiL 

mm* A celestial body is said to be on the Prime Vertieal when it bears 

Vertieft irue east or we st. m that it k merely a term naed in Opposition or 

emtradktinction to the well known expression “on the Meridian* 
which latter re fers to an object having a true north or south 
bearin g, The Prime Vertieal 9 ihtrcjore, is at right angles to the 
Meridian To get tbe latitude, seltnen are very familiär with the 
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“ Meridian altitude” and for finding the longitude, they should be 
on equally good terms (to coin an expression) with the Prime 
Vertical altitude . 

When a celestial object is observed “ on the meridian f thelati- 
tude is found without the time being known with greater accuracy • 
than is necessary to correct the declination for the Greenwich 
date. In the same manner, when an object is observed “on the Latttnd«of 
Prime Vertical the longitude can be found without the necessity lmporuno# 
of the latitude being accurately known—indeed, sometimes an Sm*!* 
error of 30' or 40' will not perceptibly affect the result. To on the Prim« 
carry out the comparison:—when an “ ex-meridian 99 for latitude Virttoal “ 
is observed, a knowledge of the correct time is necessary; .and 
the further the object is from the . Meridian , the more import¬ 
ant such knowledge becomes. Similätly, when, to determine the 
longitude , an object is observed which is “ Ex-Prime Vertical*' it 
is essential to a correct result that the latitude should be accurately 
known; and the further the object is from the Pnme Vertical, 
the more important such knowledge becomes. 

Time sights should be taken, therefore, when the body observed ctood rights 
bears true east or west, or as near thereto as possible. According 
to the latitude and declination, this occurs at various hours in bsluui witfün 
the day, and it sometimes happens in the tropics that the most Ü?«” jü 
accurate results are to be got from sights taken within half an 
hour of noon. At such times, also, the horizon is free from that 
fierce glare which so often dazzles the eye, and renders the horizon 
indistinct when the altitude is low. This latter important advan- 
tage is also gained with stars observed during twilight, when the 
horizon as a rule is strongly marked. 

When the observer is on the equator, the Prime Vertical becomes 
identical with the Celestial Equator. In this case, if the declin¬ 
ation be 0°, the sun will rise exactly at east, and contvnue on that 
bearing tili the instant of noon, when it will be directly overhead 
or in the zenith, and have no compass bearing whatever, and its 
altitude (90°) may be observed from any point of the horizon 
Iminediatfely that it has passed the meridian, it will bear west, 
and continue to do so tili it sets at six o’clock. 

When, as just mentioned, the latitude and declination both 
happen to be 0°—which, by-the-bye, will seldom happen to any 
one individual—there is little or no calculation required to find 
the hour angle or meridian distance. (Don’t forget that these 
two mean the same thing.)—Take a sight at any altitude; correct 
it, as usual, by Table IX. of Norie * find the zenith distance by 



PRIME VERTICAL TAB LE, 


2S4 


ParaHeli of 
UUttide, 


Hetldlane* 


Table tbew- 
iag by lnspec- 
tion tb« Hour 
Angle and Alt 
of a body 
when pä Ul« 
Prime 
Tartioat 


eubtracting it from 90°; turn tbis zenith distance into time, and 
you have at once the hour angle ; or the Apparent Time at Ship, if 
tlie object be the sun, and the time be afternoon. Of course in the 
forenoon you will subtract the bottr angle from 12 hrs, or 24 hrs* 
to get A-T.S., according to the way you wish to apply it. 

Parallets of laütude encircle the globe io an east and west 
direction, and to determine which of the parallels we are dtuated 
upon, we select celestial objects at right angles to this direction, 
or as nearly north and south as we can get them. 

Meridians pass from pole to pole in a north and south direction; 
and, following out the above argument, to determine which of the 
meridians we are situated upon, we select celestial objects at right 
angles to their direction, or as nearly east and west as possible. 
A special reason will be given for tbis in the next chapter; mean- 
while, the reader will kindly aecept the Statement as reliable. 

It is very important that attention shoukl be paid to tbis poinfc 
in observing for time, as negleet of it may entail serious disaster* 

In the majority of epitomes there is a table which skews the hour 
angle of a celestial object when it is on the Prime Vertical, and 
daily reference should be made to it, so as to get sights at the mast 
favourable momcnt. In Norie's Navigation, the table is numbered 
XLV* ( * and in the one following will be found the tme altitude 
of the body when it is on the Prime Vertical, so that either may 
be used at pleasure. Of course if the time at ship be not known 
within a handful of minntes, it wiU be preferable to use the 
altitude, The scxtant can be set to it, öfter corrtctuig it back - 
wards t by iubtracting the qaantity in Table UC t and all possibility 
of mist&ke thus svoided. 

The nearer the bearing is to east or west the heiter, tut in 
practice it may be a little on either side of it without signifying 
greatly; and, indeed, clouds and otber causes will often interfero 
to prevent the sight being taken exactty at the instant of passing 
the Prime Vertical, Saüors think nothing of waiting for the 
Meridian altitude to get the latitude: Why not wait for the 
Prime Vertical altitude to get the longitude ? The one thing is 
as reasöuable as the 01 her, 

The reader is strongly counselled to look over the explanation 
to the tables above specified: it is given on page xxxii* of Norie. 

Another mode of ascert&ming the time that a celestial object 
wiU bear east or west, is by reference to Burdwoods or Davisa 
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Azimuth Tables, where, by opening at the latitude of the observer 
(same name as declination), and running down the proper column, 
the required hour angle will be found in the right-hand margin, 
opposite the bearing of 90 ö . As these tables do not extend be- 
yond 23° of declination, they can only be used with a body whose 
declination does not exceed that amount In Norie, the limit for 
declination is 50°, and for latitude 70°. 

A celestial object can only bear true east or west when its de- P. V. obssm» 
clination is of the same name as the latitude, and lese in amount ^SwdiSewhea 
When the declination is of the same name, but qreaier than the ***• 
latitude, the object will not pass the Prime Vertical, but its nearest $Am§ msm». 
approach thereto will be when its diurnal circle coincides with an 
azimuth circle. This will be rendered clearer by supposing a 
case, and referring it to Burdwood or Davis. 

For example:—In latitude KP N., the sun’s declination being 
23° N., when will it be at its nearest approach to the Prime 
Vertical, and what will be its bearing in the forenoon at that Lat and De¬ 
moment? Open Davis at page 81, and it will be found that, with 
the data given, the sun will rise bearing N. 66° 37' R; its bearing wunes—best 
will gradually get more easterly tili 7*36 A.M., when it will be 
N. 69° 11' R, and at its nearest approach to the east and west 
points; after which it will become more northerly, tili it arrives 
on the meridian at noon. In this case, therefore, half-past seven 
in the morning, or half-past four in the afternoon, will be the best 
time to take sights for longitude; for though the sun will not be 
on the Prime Vertical, and therefore not in the most favourable 
Position for giving the time, it is the best that can be got under 
the circumstancea With the conditions just cited, an error of 
1' in the latitude will only cause an error in the hour angle of a 
second and a half; and an error of 1' in the altitude will only 
cause an error of rather more than four seconds and a quarter. 

As before stated, when the object is exactly on the Prime- 
Vertical, an error in the latitude of even 30' or 40' will not 
appreciably affect the result This knowledge is of incalculable 
value, as it shews the navigator how the longitude may be 
obtained when the latitude by account is possibly very much in 
error. The correct time, thus acquired, may be afterwards used 
to get the latitude by an “ Ex-meridian,” when the conditions of 
the “ Ex-meridian ” might unavoidably be such, that without the 
correct time the result deduced might be considerably astray. 

When the latitude and declination are of contrary names, the 
object cannot bear east or west, but will be nearest to these points 
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at rising and selling—conseqoently, m euch a case. the least 
wbfMimble time for obeervlog will be wLeii the otjcct b &tar 
the boriz-jn. bat not at a leas sJtitude thjm 5 3 or <T, imJe&s, fr<*iu 
the state of the alroosphere, and the relative temperatares of the 
air and sea, one U lad to beließe that there is not an unasual 
aiuount of refracüoiL 

Eti-r ta detect This can in general be guessed pretty nearly, by notidng the 
sbape of the stm at ming or selling. If it appears fiaUened, or il 
ita limbs spread out on touching the botizon, or ciing to it on 
leaving, yoo may be sore there is excessive refraction. On the 
other band, if the sun retains its circular shape, and the contact of 
the limbs i & well defined, there is bot litile refiactioo, ln th ; s 
1 alter caae, however, it may be lese than the tabular vaJue, which 
of course would introduee an error on the other side ; so that, as a 
rule, even though the mean refraction be corrected for the beigbt 
of the barometer and tfaermometer, observations very near the 
horizoo ahould be avoided The carefnl reader will see from the 
foregomg, ihai the ddenranation of the lonyitude by the run in hiyh 
latüudes duriny the Winter, must be very utuatUfacioty* 

If a low aititude be tised, it is open to errors of refraction; bui 
in winter one seldom geta the chance of any altitude tili the sur 
haa strcnglh to break through the cloads, at which time ita bearing 
ia so far front the Prime Vertieft], that any error either in the alti- 
tüde or latitude will produce a very large one in the Iongitiideu 
vtour. «m Qö this account, for four or ßve months in the year, navigation in 
d«tomnuu our own laiitudes is a much less ticklisb aftair wfaen the stars are 
ttoa vi brought into actio a. In most cases they can be selected on» or 
near ly on» the Prime Vertieft! during twilight, and will then give 
a very relmble longitude. It bas already been demonstrated that 
stm muüu ^ iere u D0 in a göod latitude by Meridian or 

ai aiitcnracüL Ex-meridian altitudes of these friendly guidea 

Even feupposing that inexpertness in taking stars may cause 
Borne error at first, the chances are that it will he less (if the 
objects selected be well-conditioned) than the inheren t error arising 
frora an ill-conditioned observation of the sun, which is eoncealcd, 
and beyond the observer’s controL 

Table I. ( (pages 288, 289), iaserted by the generous perniission 
of ita author • gives the error of longitude due to an error of 1' in 
the Latitude, for every second degree of bearing from 10^ up to 
90/ This is a most valuable tahle, shewing at a glance what to 
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expect from an incorrect latitude. The writer, following up Mr. Table« shew- 
Johnson’s idea, has had Table II, (pages 290, 291) computed for 
him bv one of his officers, Mr. George C. Burton, which, in a error« of 
eimilar manner to Table L, gives the approximate error m the aitltude* 
longitude due to an error of 1' in the Altitude. Of course 
an error in the Polar distance (the third element in the problem 
for finding the time) should never occur, and, accordingly, is not 
taken into consideration. * 

To avoid confusing Table I. with Table II., the latter is printed 
in red ink. 

Reference to the top right hand corner shews that in high 
latitudes, when the bearing is only 15° or 20° from the meridian, 
the error in the longitude may be very large—conceive, then, the 
difficulties of Polar navigation. Even in the very ordinary case 
given on page 231, where the morning sights were taken at 1015 
o’clock, when the sun had a bearing of S. 23J° R, an error in the 
Altitude of only 2' (nothing very uncommon with a poor horizon 
or a poor sextanfc) would put the longitude out 9'. Should this by 
chance conspire with the error caused by working with the wrong 
Latitude , the total error in the longitude of the ship, from both 
causes acting in concert , would in this particular instance amount 
to 33'. This will explain some of the bad land-falls made in Explanation 
winter, which at the time were wrongly imputed to the chrono- tond< ’ 
meter, or perhaps to an extraordinary “set.” 

The quantities in these two tables, it will be seen, depend 
upon the latitude of the observer and the bearing of the object. 

The latter is easily arrived at by the Azimuth Tables, or, if great 
accuracy be a matter of no moment, by a compass bearing corrected 
for Variation and Deviation. To change the tabular values into 
seconds of time, multiply by 4. 

In working out sights at sea, it is perfect folly to work to folly of 
seconds of arc; the nearest quarter of a minute (15^ is quite close 
enough, and in this Kaper helps materially by his Table 68, where 
the log . eines, Sfc., are given for every half minute (30") of arc. 

Kaper deserves the thanks of seamen for many things, and this is 
not one of the least of them. 

Nor is it necessary to take out the logaritbms to more than five 
figures, any greater exactness being incompatible with the com- 


* In this Edition, Table II. is qnite accurate, having been kindly OTerbanled by 
Capt. S. P. H. Atkinson, who lent a hand with one or two other things which hare 
also been improved upon. 
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TABLE I. 


Showing the error in the Longitude produced by an error ofl'in the Latitude . 
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SKawing the error in iht Longitude yrodueed by an error of 1 ' in tAt Altitude 
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Showtng tha error in tha LomjUu-de prodaced by an error of 1‘ in tfie Alfituda 
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SNA RES AND DELUSIONS. 


Eqnatton of 
Time —when 
to apply lt. 


PeloilT« 

4< «hon 

method«.” 


MarteUl's 
«hart method. 


paratively rüde nature of the observation, and in consequence 
thrown away. 

Usually, the Equation of Time is applied to the Apparent Time 
at Ship to reduce it to Mean Time, but you can steal a little march 
by applying it to the Greenwich Mean Time at the commencement 
of the work. There is then so much less to do when the calcula- 
tion is completed at noon. When applied to Greenwich Mean 
Time in this manner, the equation must be added or subtracted 
as directed on page II. of the N.A.* 

About as good a way as any for finding the time at ship is 
Method I. of Norie, which will accordingly be here used in the 
examplea It Ls necessary to beware of thosc so called “short 
methods ” which appear from time to time. They generally only 
look short, because good care is taken to apply the various correc- 
tions beforehancl , and the unsuspecting reader is deceived by this 
device. It is seldom, however, that there is a real difference 
of half-a-dozen figures, and the mathematical correctness of the 
problem is sometimes more than doubtful. 

As a case in point we will take the small but expensive pamphlet 
by Mr. Martelli, which contains rules and tables for finding tho 
longitude by Chronometer. 

When his so-called “short method” is properly overhauled and 
compared with Norie’s Method I., we get the following startling 
result:—Martelli, 56 figures and 5 logarithms, against Norie’s 59 
figures and 5 logarithms, required to produce the same result So 
that by the first method we liave the enormous (!!!) gain of three 
figures. Furthermore, Mr. Marteili’s pamphlet contains several 
glaring errors which make one rather dubious about the general 
correctness of the tables, although (for all the writcr knows to the 
contrary) the mathematical principle of his method may be 


correct enoügh. 

Another pamphlet came out some years ago wherein it was 
stated that Chronometers were quite unnecessary to find the longi¬ 
tude at sea, and that it could be done equally well by the method 
set forth in the pamphlet. But, some way or other, its author has 
not as yet succeeded in Converting the public to his views, and 
the Chronometer trade is more brisk than ever. 


To illustrate what has been said relativ«* to the great ad van tage 
of taking observations 011 the Frime Vertical, when desirous of 
finding the longitude, a few cxamples will now be given. 



OBSERVATION ON THE PRIME VERTICAL. 
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Example. ® bearing N. 89° 53' W. (true). 

On board the s.s. “British Crown” about 4 p.m. June 25th, 1880, Bxampia 
a Chronometer (which was 4m. 00s. slow of G.M.T.) shewed 7h. ad^mtige of 
43m 57s. same date, when the alt. of the was 37° 49£'. Eye 32 ®£ # ^^ 0,l, 
feet No index error. Lat. 40° 00' N., and Long. 57° 12' W., both vertical. 6 
by dead reckoning. Required the longitude. 


h. m. s. . , ■. 

Time by Chronometer - - 7 43 67 © 87 49} 0 52 honrly dllL 

Slow. +400 - +9 Table IX. 7*8 Q.M.T. 


O.M.T.. 7 47 67 -©-87°68}' 416 

Equation of Time • - - - — 2 30 - 864 


H. m. s. 

Greenwich Apparent Time 7 46 27 

M. a. 

Corrected Equ&tion of Time * 2 29*82 

4% hourly difference of declination 
7*8 G.M.T. 

868 

822 


— 86*88 

28 23 14 40 declin. at G.M. noon. 


+ 4*056 
2 26*760 


23 22 39 corrected declin. 


Polar distance 

90 

* 66 37} 

Cosecant - 0*03720 

Latitude - - 

- 40 00 

Secant-.- 011575 

Altitude - - 

* 87 58} 

, Cosine - • 9*48292 



Sine - - 9*75114 


144 36 I 

f 9-88701 = 

} sum - - - 

- 72 18' 

1 —— 

Remainder - 

- 84 19} y 

/ 


' 

Longitude in time - 

Same sight 

worked 

with latitude ! 


H M. 8. 

: 8 66 42 i 
7 46 27 


Greenwich. 


P.D. 66* 87}' 
Lat. 89 20 
Alt. 87 68} 


148 66 


3 Sam. 71 68 
Rem. 88 69} 


0 03720 
011166 
9*49076 
9*74742 

9*38694 = 8 66 41 App. Time at Ship. 

7 46 27 „ „ Greenwich. 

3 48 46 = 67° 11}' West. 


In this case, with the sun on the Prime Vertical, an error in the 
latitude of 40' caused an error in the longitude of only 0£'. 

Venus and Jupiter are often on or near the meridian, when Venns or 
sights of the sun are taken in the morning or afternoon; and, 
therefore, the latitude found by them serves to work the sights, Bimuitaneou* 
and is free from the errors of the run. This is so manifest an lon^tutef 0 * 
advautage, that the N.A. should occasionally be consulted, to see 
if either of these planets are available. Their Right Ascensions 
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VENUS IN SUNSIUNE . 


Mode üf 
öbserrtng 
planet» ln 
dayUght» 


abould ditier from that of the siin by at least twa hours, other- 
wisc they will bc rendered invisible, by being in the very bright 
part of the sky surronnding the iatter. 

The proper plan is to set the Sextant to the computed meridian 
altitude. Use either the direct or inverting telescope (whicbever 
you are most accustomed to), but the last, as it has more power, 
is to be preferred, Screw it dose down to the plane of (he instru- 
unent , and baviug directed the sight to the north or south poiut of 
the horizon, the planet ought to be seen in the silwred pari of the 
glase. Of course that part of the sky must be entirely free from 
even the most filrny clouds, and unless the sextaut glasses are per- 
fectly clean, and the silvering of the mirrors in good order, there 
is little use in attemptiug this observation. 

About U45 p* *M. June 15th, 1882, on board the xs "British 
Frince/' hoineward bound froin Philadelphia, in Latitude 48* 
334' N,, and Longitude 24 ü 30' W., both by accouut; Barom. 
3(F'22; Therim in the shade on deck 63*; wind S.S.W., light breeze, 
with smooth water, fine clear weather. Having found by reference 
to the NA. (page 237) that Venus (?) would pass the meridian at 
2 7 p.M*, decided to observe it, and aceordingly set the Sextant to 
the computed altitude 64^ 38' (see rule, page 234), 

On looking for the planet near the appointed time, it was seen 
beautifully distinct a little below the horustm» and no diffieulty 
was experienced in getting the exact meridian altitude, notwith- 
standing that the mklsummer sun was sbrning brilliantly in a 
cloudlesa sky, and the fact that there were but two hours differ- 
ence of Right Ascension between him and Venus, 


H. H. 

Titos at ifaJp Jane 15th 2 7 
Longitude in Tim» >, *. ISS 

Mt-iin Tiiae ot Grcetiwii-h ». S *6 

OtNii! fi. of Vemte Jane lBth 23 

„ M June Mth 22 50 56 K. 


Vvrlfttkm in 24 ho Ein .. li r 44" 

00 

*04 ,f 

. - X *TS 

«OSO 
i «B 
tnt 

Ä*)M 40 "-uo(iMr^p ar 
u 

24 

24 


EMia. of Vena» Jane 16th,. 23 H 3w X 
Dwrefwe io «hm. 45m. •. * I 60 

Dectin. currccled for O M I. ST O 4tr N. 

Obilli öfTenas . . ** .« 04 

Corr. Teble XV, of Kurte - t> 

Trae alt, .. « *. • * MX| 

90 

MeHd.Een.divt ». .. U Ml S. 

Cuirected deeiltL 4 » M ** 23 01 m. 

UtHade .. lat If, 


Kow, the apparent diameter of Venus on this occasion was only 




















TIMES OF GUEATEST BRILLIASCY. 
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12*, and when fche reader is informed that at inferior conjunction 
it amounts to as much as 67*, it will be seen that in the absence 
of clouds there should be usually no difficulty about picking 
it out even in strong sunlight. 

Here, however, it is necessary to put in a word or two. Venus Phases of 
is an inferior planet, that is to say, its orbit lies between the earth Venus - 
and the sun; it therefore exhibits well marked phases resembling 
those of our moon, and the best time for an Observation such as 
described above, is when the planet is about five weeks from 
inferior conjunction, or its nearest approach to the earth. Its 
apparent diameter is then about 40*, and the breadth of the 
illuminated part nearly 10*, so that rather less than J of the 
entire disc is illuminated; but this small portion transmits more 
light at such times than do phases of greater extent, because the 
latter correspond to greater distances of the planet from the 
earth. 

Year by year in the N.A. the dato is given when Venus attains 
its greatest brilliancy; thus, on page 461 of the N.A. for 1884, 
under the heading of PhENomena, this is shewn to occur on 
August 17th. 

To find the latitude , it has been said that slow-moving stars 
near the Poles are best; but to find the longitude , select bodies on 
the Prime Vertical, as their motion in altitude is then the greatest. 

It does not signify whether their declination be large or small, 
since for any given latitude the motion in altitude on the Prime 
Vertical is the same, no matter what the declination. 

Again, “ Since the change of altitude of any celestial body is obsemtkms 
greatest at the Equator, and nothing at the Pole, the time deduced 
by means of altitudes is more correctly determined in low than in Equator. 
high latitudea”* 

In the two following examples of stars taken near the Prime 
Vertical, the formal rule for working them is left out, as the 
method (with one or two easily noticed exceptions) is so similar 
to that by the sun. In star observations, the longitude is the 
difference between the Sidereal Time at Ship, and the Sidereal 
Time at Greenwich. 

Ere this the reader must be pretty familiär with the conversion 
of Mean Time and Sidereal Time, and should experience no diffi- 
culty in mastering what follows. To avoid perplexing him by 
anything strikingly different to what is contained in the examples 


Kaper. 
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ALI AIR NEAR THE PRIME VERTICAL . 


BzamplM of 
■tarson the 
Prime 
VtrttotL 


of stars already given, the Epitome method, wherein the suns 
Right Ascension is used with the Equation of Time, is not intro- 
duced. This adherence to one rule when practicable, is in 
accordance with the recommendation at foot of page 228. 

On board the s.a “ British Crown ” about 8*30 P.M. June 22nd, 
1880, the following observations were made to determine ship’s 
positiou, 

H. M. & 

Chron. 11 16 60 obe. alt. * Altair 14* 43p bearing S. 88" E trua Eye 32 feet 
„ 11 24 21 „ „ * Polaris 42 15 „ N. 1 E „ „ „ 

„ 11 30 49 „ „ * Regulus 22 18 } „ S.86JW. „ 

Position by account, Lat. 43° 20' N. Longitude 43° 24' W. 

No index error. Chron. slow of G.M.T. 4m. 00s. Ship making 
S. 58° W. (true) 11 knots. Polaris, when worked out, gives the 
latitude as 43° 23f N. 

Example L * Altair. 


Time by Chronometer 

Slow .. . 

H. M. 8. 
.. 11 16 50 
.. + 4 00 

• ’s observed altitude .. 
Table XV. of Norie .. 

• ’s true altitude. 

• • 

O.M.T. 

Sidereal time at G.M. noon 
Acceleration for 11h. 21m. .. 

.. 11 20 50 

6 4 11 
.. + 1 52 

. .. 14 43} 

• .. — 8* 

. .. 14 86* 

Sidereal time at Greenwich .. 

H. M. 8. 
.. 17 26 63 




• *a Declination 

»'s Polar distance 
Ship’s latitude 

• ’b altitude .. 


Half sura.. 
Remainder 


90 


8 33} N. 


.. 81 26J — Cosecant .. 

.. 0*00496 

.. 43 241.... Secant 

.. 0 18378 

.. 14 85} / Coline 

.. 9*53982 

- ( Sine 

.. 9*91407 

139 26* / 


— 

9*59753 

.. 69 43 \JJ 


.. 65 08 " 



• 's Hour angle 
•’s Right Ascension 


R. M. 8. 

6 11 64 K. = true azimuth S. 88* E.. by Bordwood. 
19 44 69 page 858, N A. 


Sidereal Time at Ship .. 
Sidereal Time at Greenwich 

Longitude in time 


.. 14 83 05 
.. 172658 

2 63 48 = 48* 27 W. 


Same Sioht worked witii 

8*1 26 } 

44 04i 
14 351 

140 0* 

70 8* 

65 28 


Latitude 40' in Error. 

0*00486 
0*14302 
9 53292 
9*91582 


8 59722 


II M 8. 

6 11 46 K. 
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Here, notwithstanding that Altair is 2° from the Prime Vertical, 
the large error of 40' in the latitude only produces a difference 
of 8a in the hour angle, or 2' in the longitude. It will be 
noticed that the main feature wherein this example differs from 
the sun is, that the Sidereal Time at Greenwich is compared 
with the Sidereal Time at Ship. The Declination and Right 
Ascension are taken out direct from the N.A. wibhout the neceseity 
for the smallest correction —another advantage over the sun. 
When the hour angle is east, svbtract it from the «’s Right 
Ascension, which will give the Right Ascension of the Meridian, 
or, in other words, the Sidereal Time at Ship. 

Example IL— * Regulus. 



H. M. 8. 



Time by Chronometer.. 

.. 11 30 49 

.’s obs. alt. .. 

.2218} 

Slow .. 

.. + 4 00 

Table XV. of Norie 

• •• .. " 7} 

G.M.T. 

.. U 84 49 

•’atraealt. .. • 

.22*10? 

Sidereal time at O.M. noon .. 

.. 6 4 11 



Acceleration for 11h. 85m. .. 

.. + 1 54 



Sidereal Timeai Greenwich 

.. 17 40 64 




• / 

90 



• e Dedination .. •• 

.. 12 33 N. 



*’a Polar distance .. 

.. 77 27 

.... Coaecant .. 

.. 0-01060 

Ship’s Utitude 

.. 43 23} 

.... Secant .. 

.. 0-18808 

•’s altitude •• 

.. 22 10} 

^ Coaine .. •• 

.. 9-60129 


143 01 j 

( Sine .. •• 

.. 9*87904 

Halfeum .. •• 

.. 71 30}/ 

j 

9-63086 

Bemainder 

.. 49 19} ^ 




H. M. 8. 

• 


Hour angle 

4 44 60 W. ss 

trae aaimuth, & 86} W., by Burdwood. 

•’s Right Ascension 

10 2 1 Page 338, N.A. 


Sidereal Time at ahip 

14 40 67 



Sidereal Time at Greenwich 17 40 64 



Longitude in time .» 

2 63 67 = 

43 29} W. 


Correction for ran between sights 

- 8 



Longitude correaponding to that by Altair 43*20}' W. 


Same Sicht wobked with Latitude 40' iv Erhob. 


77 27 

0*01060 

44 8} 

0*14846 

22 10} 

9*49866 

■ ■ - 

9-88210 

148 41 



9*62972 

71 60} 

— 

49 89} 

H. M. 8. 

■ 

4 44 41 W. 


The hour angle being west, is added to the «’s Right Ascension 
to procure the Sidereal Time at Ship. 

Regulus being further from the Prime Vertical than Altair, the 


Deolinattons 
of stars 
require ao 
oomotton for 
O.M.T. 
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error in the hour angle is of course greater. Still it is not large, 
amonnting only to 15sl, or 3f' of longitade for an error of 4 ff in 
the latitude. 

The diflerence in the longitude of the ship as given by AlUir 
and Regulus (the one east and the other west of the meridian) 
is only Of', proving the practicability of getting first-class results 
from star observations when made at the right time and in 
the proper manner. 

Ad vice to Beginxebs. —Do not despair because your first 
efforts are unattended with particularly good results. PERSE- 
YERE. “Rome was not built in a day” Practice in fine 
weather, so as to gain confidence, and feel perfectly at home with 
the work in case of requiring its aid in bad weather, or on an 
emergency. If you do this, you will soon get out of conceit with 
the sun. 

Morning sights, as a rule, are only partially calculated pending 
the determination at noon of the true latitude, which of course 
is referred back to the time of observation by the course and 
distance made in the interval; but Mr. A. C. Johnson, in his 
valuable pamphlet already alluded to, shews how the sights can 
at <mce be worked out in full with the latitude by accoimt, and 
afterwards corrected by Table I. for any error in the latitude 
worked with. The plan is so simple and convenient that an 
example is given. 

About 9*45 A.M. on board the s.s. “ British Crown ,” July 7th, 
1880, took following observation for longituda Eye 28 feet. 
Chronometer slow of G.M.T., 4m. 3s. Position by account— 
latitude 39° 51f' N., and longitude 53° 1' W. Ship making 
east (true) 12 knots. 

H. M. 


Chronometer time 

Slow 

. 1 18 37 

.+ 43 

Obscrred altitude .. © 

66 441 
+ 10 

Corrected Equation of Time. 

1 22 40 
. — 4 42 



-0- 

«T64J' 





Greenwich Apparent Time . 

. 1 17 68 





Corrected declination 

90 

22 31| 





p. n. 

Latitude by account .. 

Altitude 

67 281 

39 611 

66 64* 

164 14 f / 

Cosecant 
Secant .. 
Cosine .. 
/Sine 

•• 

.. 0-03447 
.. 011482 
.. »13722 
.. 962932 


Half «um.. 
Remainder 

82 7V 
26 12* 



8-91583 
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© 's Hoor an gl e .. 2 13 26 = trne azinmth 8. 68* E. nearly, by Burd wood. 

Apparent Time at Ship .. 9 46 34 

Apparent Time at Greenwich 13 17 58 

Longitude in time .. .. 8 81 24 = 52 61 W. at slghts. 

— 34$ for ran tili noon. 

Longltade by sight .. .. 52* 16$' W. bronght ap tili noon. 

Latitnde by acconnt .. 39* 51$' N. bronght np tili noon. 


At noon the true latitude was found to be 39° 41 # N., or 10£ # S. 
of that by account. By Table L, the error of longitude due to 
an error of 1' in the latitude is 0' 52, which, multiplied by 10'*2, 
gives b\\ to be applied as a correction to the above longitude. 

We have, therefore, for the true position at noon, latitude 
39° 41/ N., and longitude 52° 21W. 

Johnson gives a very ingenious, and at the same time simple, Jotosoa*» 
method of determining whether the correction is to be added or appiying the 
subtracted.* The plan adopted by the writer, being based upon 00rrectl011 * 
a graphic representation of the problem, is more instructive, and 
on that account to be preferred. Here it is. Imagine a line 
through the ship’s position on the chart, drawn at right angles 
to the bearing of the sun, thus:— 


For the reasons «ohy the H^thod 
ahip may be conceived to be ^ writer for 
on a line at right angles to * am * PUTpoee. 
the snn’s bearing, see next 
chapter, where the snbject is 
fully explain^d. 



To make the case as plain as possible, let the sun be supposed 
to bear S.E. Then the line will run N.E. and S.W., as above. 
Let the point S. in the diagram represent the position of the ship 
as determined by sights worked with the latitude by account. If 
this turn out to be wrong, and the true latitude be further north, 
say at s', the diagram shews, when ^his latitude is pricked off on 
the line, that the true longitude is more to the eastward. lf, 
however, the true latitude be south of the latitude by account. 


See page 624. 
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- LONGITUDE BY CHRONOMETER . 


say at a”, then the longitude is thrown to the westward. This can 
easily be done mentally. The plan holds good for a bearing in 
any quadrant of the compasa 

Let us suppose another case, where the celestial object bears 
N.K Then the imaginary line would run N.W. and S.E., thus 



with, as at s", the longitude will be thrown to the eastward, but 
if north, it will be thrown to the westward; just the reveree of 
the preceding example. The reader can test for himself the effect 
in the other two quadrants. 

We will now imagine the sun to bear east, and see what effect 
is produced on the longitude by an error in the latitude. 

Worth 


r 

s 


Magrem 

Bhewlng 

Advantage of 
Observation.« 
on the Prime 
Vert&oaL 



S 

South 

Evidently there is no effect ut all, as in this casc the imaginary 
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line raus north and soufch. Hence the advantage of taking sights 
for longitude wlien the celestial* ohject is on the Prime Vertical, 
äs a considerable error in the latitude has no effect on the remlt 
There is, however, a limit to this use of an indiscriminate latitude, 
which will be fully explained in the next chapter. In the mean- 
time, one more iilustration. 

Let the sun be supposed to bear S. by E. What effect will then 
be produced on the longitude by an error in the latitude ? 



Diagram 
Bhewlng dis- 
advantage of 
observs. for 
time near the 
merldlan. 


It will now be evident that a small error in the latitude will 
produce a very large one in the longitude; shewing the impro- 
priety of taking sights for Time when the bearing of the ohject ia 
near the North or South points. 

When applying the correction to the longitude by the mental 
process, it is always well to imagine the sun or star to have a 
four-point bearing, such as S.W., N.W., N.E., or S.E., although 
the actual bearing may be quite near to one of the Cardinal points. 

This exaggeration of the case puts more forcibly to the mind the 
direction in which the correction is to be applied; but until 
thoroughly proficient, it is certainly advisable to draw the lines 
roughly on a slip of paper. A little practice, however, will soon 
do away with the necessity for even this. 

It may here be remarked, in parenthesis, that when looking at Propor way 
a chart, for any purpoge whatsoever, it should be laid on the table Äl 

w-ith the north side from you. The mind thus acquires a fixed 
habit of considering the positions of places with regard to their 
true bearings from each other. Some men, on the contrary, if 
sailing south for example, turn the chart with the north side to 
them, so as more readily (?) to lay off bearings, &c. But this 
twisting and turning of the chart according to the course steered 
is not to be recommended, and conveys an unstable idea of 
geographical position. 
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MODE OF FIXDIXG L0XG1TVDE AT X00X 


SHORT BQTTA1» AI.TITT7DB& 

Ti|nl uh. 

tmm at aaa. There is one other mode of finding the lucgitude by Chrono¬ 
meter, which, from its extreme simplicity and the few figures 
required, is very alluring. Unfortunately for everyone, it is 
restricted in its application, and the results cannot be depended 
upon as more than roughly approxim&te. The method referred 
to is that of Equai Altitudes taken a few minutes before and after 
noon. 

If the coursc in the intervai be easfc or west, or the vessel 
be stationary, and the altitude not under 75°, the longitnde will 
probably be somewhere near the truth, so that sailing ships 
lying becalmed near the line may find it convenient; but if the 
course be towards the north or south, and the vesseFs speed at all 
considerable, thore will be a large error due to the observers 
cliange of latitude unless it is allowed for: this, however, is easily 
done as follows:— 

Ascertain by tho Traverse Tabies the difference of latitude 
which will bo made good between sights, and add this to, or 
subtract it from, the observed forenoon altitude, according as to 
whether the ship has sailed towards or from the sun in the inter- 
vaL Set the sextant to this corrected altitude, and, when the sun 
falls to it, note tho Chronometer time. 

Should the colestial object be the sun, an altitude sufficiently 
great cannot be obtained in high latitudes, and in low ones there 
are generally better modes available. If the quantities in Table 
II., (pages 290, 291), bo multiplied by 4, so as to convert them 
into seconds of time, it will be seen that, even in moderately high 
latitudes, the cliange of altitude near noon is very slow. Inversely, 
an error of even 1' in the altitude means a large error in the time 
or longitude. For these and other reasons the method of “ Equai 
altitudes at sca ” is not to be recomuiended. It may, however, be 
given a place among those auxiliary problems which science places 
as a reserve, but which should only be resorted to when, without 
them, the battle would be hopelessly lost. 


ftuleforBqual 
Altitudes at 

•ea. 


RU LE. 

From 10 to 15 minutes before noon, observe the sun’s altitude, and note the 
time by Chronometer. When the sun has fallen to the same altitude p.m., 
corrected as above for difference of latitude made good in the intervai, again 
note the time by same Chronometer; the mean or half sum of these timea, 
when corrected for the Chronometer error, will be the Mean Time at Greenwich 
corresponding to Apparent Noon at Ship. Reduce the Greenwich Mean Time 
to Greenwich Apparent Time, by adding or subtracting the Equation, accord- 
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ing to the precept at head of page IL of the Nautical Almanac. If the 
longitude be west, the Greenwich Apparent Time turned into arc will be the 
longitude; but if it be east, subtract the G.A.T. from 12 hours, and then turn 
it into arc. 


Example L 

Sliip stationary, or steering either East or West (true). 
August 3rd, 1881. Observed altitude, ®. 80° in West Longitude. 

H. M. 8. 

Time by Chronometer .8 2 10 at a.m. altitude. 

Time by Chronometer . 3 14 20 at p.m. altitude. 

6 16 80 

Middle time.8 8 15 

Chronom. slow of G.M.T. .. .. .. + 4 17 

Greenwich Mean Time.8 12 82 

Corrected Equation of Time .. .. - 5 55 Page II* N.A. 

h. M. s. 

Longitude in time. 3 6 37 = 46* 89}' W. at Noon. 


Examplb II. 

Where ship has changed her Latitude between sights. 

August 3rd, 1881.—In east longitude, and about latitude 4° 10' N., the eye 
being elevated 22 feet, the altitude of © was observed to be 76° Otf (rising), 
when a Chronometer which was 10m. 20s. fast of G.M.T. shewed 8h. 30m. 42s. 
A.M. at Greenwich same date. After a lapse of half an hour, during which 
time the ship had made good N. 33° E. (true) 6 knots, the sun was observed 
to be approaching the same altitude. After taking out the difference of 
latitude (5') due to this course and distance, the Sextant was set to 76° 6' t 
and when the © had dropped to this altitude the same Chronometer shewed 
9h. Im. 18s. Required the latitude and longitude at noon. 

Note:—A s the ship had been saüing towards the sun in the interval 
between sights, the difference of latitude made good had to be added to the 
first or forenoon altitude. 


Time by Chronometer at a.m. Observation 
Time by Chronometer at p.m. „ 


Middle time by Chronometer. 

Chronometer fast of G.M.T.. 

Greenwich Mean Time . 

Corrected Equation of Time. 

Greenwich Apparent Time . 

Apparent Time at Ship = noon, or 

Longitude in time. 

Latitude at noon « 4* 12}' North. 


n. 

M. 

8. 

8 

80 

42 

, 9 

01 

18 

17 

82 

00 

8 

46 

00 

- 

10 

20 

7" 

35 

40 

- 

5 

56] 

8 

29~ 

U 

12 

00 

001 

H. 

M. 

8. 

. 8 

80 

16 


.. ©WO' 
.. ©76* 


— r ,..Jing to middle 
time by Chronometer. 


Do not dbuee this method by using it at improper times, and 
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USE OF LOG-GLASS FOB SIGHT-TAKING. 


be eure that both observätions are made with eye at same height 
above the sea-level. 

In sight-taking, should an assistant not be available to note 
the Chronometer time, the observer himself can veiy well manage 
with the aid of a 28s. log-glass. Turn the glass when the altitude 
is taken, walk to the Chronometer and note the time when the 
sand has run out: from this subtract the running time of the 
glass to get the correct instant of observation. Test Ute glass. 




CHAPTER IX. 


"SUMNER LINES." 

This and the following chapter are probably the most important 
in the book, as explaining and illustrating the geometrical process 
—underlying the calculation by logarithms which is performed 
every day by the practical navigator, but the meaning of which 
he has very often no conception of wbatever. He only knows T&e prlncfpte 
that by certain arithmetical formulaB (learnt off like a parrot) SigiuadS 
certain results are produced, but how, is a mystery. Let us open «too*. <*ae *• 
the pages of this sealed book, by which the navigator may learn o^memoSy 11 * 
to reason for himself, instead of trusting entirely to rules which, for *** ruleÄ * 
when forgotten, leave him adrift on his beam ende. 

In the present chapter it is proposed to shew to uuhat extent a 
single altitude of a heavenly body (say the sun) will reveal the 
whereabouts of a ship, the latitude being completely unknown, and 
how, when combined with certain non-astronomical data, it may 
be made to give her actual position. 

It is of course assumed that the correct Greenwich Time is 
obtainable by means of Chronometers. 

We have already seen that a single altitude on the Meridian 
will give the Latitude with but trifling calculation; and that 
. a single altitude on the Prime Vertical will give the Longitude, 
even though the latitude be but imperfectly known. It remains 
to shew more particularly why this is so, and also, by u&ing the 
latitude by dead reckoning, what information is to be derived 
from a celestial body which occupies neither the one nor the other 
of these important positions. 

By way of the simplest illustration, imagine an ordinary flag- ninstr&tionof 
staff in a park, and let its base—from the ground to the height of * 
the eye—be painted a different colour from the rest. Let our Altitude." 



Circle of 
Position 
Ulnstratad. 
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experimentalist lay off, in any direction from it, a distance of say 
100 yards, and having marked the spot by a stäke, measnre with 
the sextant the angular altitude of the flagstaff from its truck to 
the paint-stroke. 

Suppose this to be 25°. Now let him go to any number of 
positions round about the flagstaff, approaching or receding from 
it, until in every case the same angle (25°) is obtained At each 
such spot plant a stäke. Connect these various points by aome 
a small-stuff” and if they are sufficiently close together, a circle 
will be formed, every part of which will be exactly the same 
distance from the flagstaff in its centre. It is evident that an 
observer getting an angle of 25° must be somewhere on this circle, 
which accordingly may be termed “ a circle of equal altitude ; n 
since, if the angle be great er, he will be within it, and nearer to 
the flagstaff; whilst if the angle be less t he will be outside of it, 
and further from the flagstaff 

Now, conceive a number of such circles to be described at 
various distances from the flagstaff If furnished with a set of 
tables giving the distance of each from the flagstaff, and its 
corresponding angle, the observer, on measuring such an angle at 
any point, will only know that he is somewhere on a circle, at a 
definite distance from the flagstaff Thus, if the angle obtained 
were 8° 50', reference to the tables would merely teil him that he 
was on a circle every point of which was 300 yards distant from 
the flagstaff; but if this latter and the circles were enclosed by a 
very high wall, which sliut out from view all external objects, he 
could not possibly teil his position on that circle with regard to 
those external objects. He might just as likely be at the point 
marked C in the diagram as at A or B. If he wished to go to 
any particular place in the park outside the wall—say to the 
house at D , or to the fish-pond at E —he would not know in 
which direction to shape his course, or by which door to go out. 

Let it be supposed, however, that the surface of the ground 
round about the flagstaff varies very much in character—that in . 
one direction it consists of clay, in another of shells, in another of 
sand, and so on; and that, in addition to his set of tables, the 
observer is provided with a plan of the park, shewing the flagstaff 
and this peculiarity of the ground in its vicinity. So aided, he 
would at once be able to teil by the angle which of the circles he 
belonged to, and by the nature of the ground under his feet what 
particular part of it he was on, and, consetjuently, his position 
relative to the invisible objects outside the wall. 



DIAGRAM ILLUSTRATING “CIRCLES OF EQUAL ALTITUDE. 



Tß /Swv Plmge 3Qß. 
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Now this is pretty much what can be done on board ship by 
Bubstituting the Sun for the truck of the flagstaff, the Horizon 
for the paint-stroke, the Epitome and Nautical Almanac for the 
tables, a Chart for the plan of the park, and Soundings for the 
surface peculiarities of the ground. 

Next come the various astronomical facts for which the fore- 
going simile is intended to pave the way. 

At any given instant of time the sun is vertically above—or, as Cttrdle of 
it is termed, in the zenith of—some point on the earth's surface, nlnm,nAtlftn 
and its rays directly illumine that half of the globe nearest to it, 
the other half being in darkness, more or less complete, according 
to circumstances. To avoid complications, imagine for the time 
being the earth to be arrested in its motion, so that the sun 
remains steady over one particular spot. At this spot an observer 
with a sextant would find the true altitude of the sun's centre to 
be 90°, and being therefore exactly overhead, upright objects 
would throw no shadow. On the other hand, if the observer 
were situated on any part of the Great Circle* separating the 
dark from the enlightened half of the globe, the sun would be on 
his horizon, and its altitude would be 0°. These represent the 
two extreme cases. We have more especially to deal with the 
tirst and intermediate ones. 

If the Latitude and Longitude of the sun were known,t the 
Latitude and Longitude of the spot over which it was vertical 
would also be known, and vice versd. Now, with the Nautical 
Almanac it is very easy to find the sun's position in the heavens 
at any given moment, and if it were possible to drop a plumb-line 
from it to the earth’s surface, the latitude and longitude of the 
point of contact would correspond with that of the sun. 

If, however, an observer were so situated that, instead of getting ^ 

90° as the sun's true altitude, he found it to be only 89°, his posi- ***** 
tion would then be uncertain, since he would only be somewhere 
on the circumference of a “ small circle/' the centre of which would 
be the spot where the sun was vertical at the instant of Observa¬ 
tion. The radiu8 of this circle would be equal to the sun 9 s zenith 

# This is 8ometimes called “ The Circle of Illumination.'’ 

t These terms, as here applied, are not used in their cdestial sense, sinoe the 
longitude of a celestial object is measured on the Ediptic from the first point of Aries, 
and the latitude is measured from the Ediptic towards its poles. These terms being 
utterly at variance with their terrettrial signification, where latitude is measured on 
a meridian and longitude on the Equator , are apt to cause much confusion, and should 
be abolished by common consent. 
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SUJTS POSITION PROJECTED ON CHART. 


How to find 
Position of 
Sun at any 


ditiance, which» in the case just cited, is 1°. As the observer 
shifts bis poaition away from the sun, ita distanee from his zenith 
will of course become greater, and hts ** Circle of equal altitnde* 
proportionately larger, thus rendering liis whereabouta more and 
more uucertain, 

It will be seen, therefore, that, so far, tbe observer can only b© 
eure of bis precise position when the sun happens to be exaetly in 
bis zenith; at other times it is indefinite* and becomes more so 
tbe greater bis distauee from tbe sun, From a consideration of 
the foregoing, ft a Circle of equal altitude” may also be desig- 
nated a Circle of position/ 1 

To find the place on the chart over wbicb the aun is vertical at 
a given Greenwich time* is very easy, when you Jenem how, Sine© 
jivfta instant. flj e earth revolves steadily on ita axis, any place whose latitude 
happens to be the same as the declination of the sun at tbe instant 
of its meridian passage, must of necessity have the sun vertical at 
noon * ? and as Greenwich Apparent Time is equal to the sun s hour 
angle—or, in other words, to its meridian distance from Green¬ 
wich—the requkod longitude is fourul by simply turning tbe 
Greenwich Apparent Time iuto arc by Table XIX, of Norie* 
Briefly, therefore, the sui/s declination (correeted for the given 
Greenwich time) is equal to the latitude of the place; and the 
Greenwich Apparent Time is equal to the longitude m time* which 
is always to be reckoned towards the west, silxce the sun moves in 
that direction, 

To project this on the chart is easy enough in theon/, but not so 
easy inpraetke. Suppose " a Circle of position n is required to be 
drawn with the following data ;— 


March Tth, I&80, at ih, lim. 3 8s,, G.M.T., an obaerver* wbo was in com* 
plete ignorance of bia position, fountl the fltm’a tme altitude to be 60** To 
what extent wouM this enlightcn Uim ? 

®*s DeHinntion at apparent noon £ ab ti S* 
Correction for Ilt, G.A*T. »* — && 

£,*■ Correeted declination „ 4 W So S. 

Prick off a point in V 59J' South and 15" West (sce ChariUt 
No, 1), Here the sun will be vertical at the Greenwich time 
specified, Subtract the observed true altitude (50“) frotn 90", 
which will giv© 40’ for the distance of the sun from the zenith of 
the observer, Take this amount in the dividers, and* with tho 


M, V. 

Greenwich Moati Time I II 
Conwted Equatiim 
of Time 




& 
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3 8 
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“CIRCLES OF POSITION” 


above position as a centre, deseribe a circle. There will now what & circle 
be no difficulty in understanding that for all ships on ^isJJmSde 
circle—no matter what part of it—the sun would have an altitude teaches. 
of 50". Each master would know that he was somewhere on this 
particular circle—neither inside nor outside it, but on it. Ex- 
cepting the certainty that his ship was not on the land portion of 
it, this, however, is all he would know, unless aided in some way 
yet to be described ; and reference to the chartlet will shew that 
the circle covers a goodly portion of the globe, leaving him plenty 
of room to guess. 

Place him, however, in the ordinary circumstances of the navi- 
gator, and give him his latitude by account Then, by laying this 
off on the circle, he would get an approximate position ; but such 
knowledge is not always sufficient where the navigation is intri- 
cate ; nevertheless, poor as it is, it map sometimes be used to great 
advantage, as will be shewn further on. 

The individual in the park determined his whereabouts on the Position on 
circle by the character of the ground, and, similarly, it is often £2^ 
possible for the navigator to fix the ship’s position on it by the Boonding: 
depth of water and character of the bottom. Bear this in mind, 
as it is important. 

Passing by other methods for the present, the reader’s attention On Chart, 
is invited to sundry striking points developed by the subject. On 
scrutinizing Chartlets Nos. 1 and 2 more closely, it will be seen appear as 
that the so-called “ Circles of position ” are not fairly entitled to 
the name—that, in fact, they are irregulär ovale , and not true 
circles. 

It will be remembered that it is stated in the chapter on Charts, 
that Mercator’s projection gives a distorted representation of the 
earth’s surface, and here we have another proof of it. Owing to 
the degrees of latitude being extravagantly drawn out as the 
Poles are approached, a true circle, wlien shewn correctly on a 
Mercator’s chart, is made to assume a some what elliptical form, 
having its longer axis in a north and south direction. This feature *r»w 
makes the drawing of the circle in actual practice a matter of some chart. 
difficulty. The usual way of arriving at it, is to calculate a num- 
ber of longitudes from one sight, retaining in each case the same 
Polar distance and Altitude, but changing the Latitudes by suitable 
quantities, say 5° where the scale of the chart is small. As a 
check against using an impossible latitude in the computation, it 
is as well to know that in the Chronometer problem, the sum of 
the Polar distance, Latitude, and Altitude cannot exceed 180°. 
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ÜIRÜLSS OF POSITION. 


Sbould the addition shew au exeess, it proves that the Computer 
made choice of too liigh a latitude, and he must red nee it accord- 
ingly. 

When the mm is exaetly equal to 180°, it she wb the polar limil of 
the latitude, as the body in such a caw is on the meridian. When a 
sufficient nurnber of points have beeil thus determined, they eati 
be pricked off on the chart, and connected by a free curve clrawn 
with a pliable ruler, which will give the figure with tolerable 
exaetness, and when so drawn, it mny be termed * a Curve of 
Position, 11 or "Curve of eqnal altitude*” This, however, would be 
endless work, and totally nnauited to the wants of the sailor. 
Happily it is not required. 

When tbe aun passes nearly overhead, tho Circle of position is 
small, and as the observer approaches the sun it becomea yet 
smaller; until finally, when he has it in its zenith, it vaniahes in a 
point, and this point, as already stated, represents Ins position on 
the globe, Conversely, as tbe obeerver recedea front the sun, tho 
circle becomes larger, and this brings us to a feature of tho very 
highest importance, 

Chürtlet No * 2 shews that when the circle is large, small portions 
of it (say an arc of 30' or 40') mag be freated as a straight Um 
w ithout deviating rnuch front tbe truth; and the larger the circle 
the nearer any part of its circumference App mach es to this con¬ 
dition* This will be apparent by contrasting Chartlets Nos, 1 and 
2, wbich have straight Hu es drawn on fourof their sidea We see 
that in Chartlei No. 2, where tbe circle is large, the straight line 
touching it coiiicicles for a mnch greater dis tan co with the cir¬ 
cumference, and this would be even inore mark ml if the circle 
in No , 1 were say half the size* It is very neceasary to retain a 
good mental grip of this point, as it plays an important part here- 
after, 

Now, in actual practice, the navigator always knowshis latitude 
within half a degree or so, and it is therefore quite unnecessary 
to draw tbe complete circle on the cliart He only requires to 
draw that portion of it wbich is included betweon a position say 
30' North, and anellier 30' South of his latitude by D.R, and as 
explained above {when the circle h large), this included arc niay 
safely be considered as a straight Mna* To this end he merely 
works bis Chronometer sight twice over; tho first time with a 
latitude 30' in excess, and the second timo with a latitude 30' in 


* 1 hu slrwght tine » üjnjken of nmthcmulicallj as * tarujtni ar chord It» tht nirm 







CHARTLET No. 2. 

Sonday, March 7th y 1880, at 5h. lim. 1 -2s. mean time at Greenwich, an obeerver in the 
Northern hemisphere found the sun’s true altitnde to be 83° 17' 46". 

H. H. 8. 

Greenwich Mean Time 5 11 1*2 

Corrected Equation of Time . -11 1*2.„ 


Greenwich App. Time .6 0 0*0=Longitude 75° W. 


O t " 

©’s Declin. at Greenw. App. noon 6 00 18 S. 

Correction for 5 hours Greenw. App. Time - 4 52 

©’s corrected Declin. 4 55 28 8. 

Therefore at the time specified the sun was vertical to a spot in Lat. 4° 55' 26" 8., 
and Long. 75° W. 
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clcfect of his position by account. The two resulting longitudes, 

wifch the latitude proper to each, he then pricka off on the chart, 

and connecfcs them by a straight line, which is really an arc of the 

Circle of equal altitude. Unless the error of the latitude is greater 

than that assumed, the ship must be somewhere on this “ Line of 

position,”* which, for convenience, will henceforth in these pages 

be termed a “ Sumner line,” after the American seaman who first Sumner Lines. 

brought this useful problem prominently to the notice of the 

profession. 

Having got so far in the knowledge of his position, if some kind 
friend were but able to communicate the actual latitude, it would 
be easy to prick it off on the “ Sumner line,” and the ship’s place 
would at once be accurately established. 

This matter of the “ Sumner line ” leads to another point of 
immense value. If we take any portion of the circumference of 
the circle, and consider it as a straight line (Sumner line), a note- 
worthy fact Stands revealed—the importance of which it is almost mrectkmof 
impossible to overratc—namely, that the bearing of the sun is invari- 
ably at right angles to this line. Conversely, a “ Sumner line” lies right angles 
at right angles to the bearing of the sun, so that if either be JJ^ eariII * of 
known the other can be found. 

Among other things, this explains why noon is the best time to 
obtain the latitude. For example, when the sun is on the Meridian 
it bears either north or south, and if the “ Circle of position ” be 
then drawn, that portion of the circumference at right angles to 
these bearings (when treated as a straight. line) will run east and 
west, or, in other words, will constitute a parallel of latitude , upon 
which the observer must be situated ( vide Cbartlets). Again, when what Sunner 
the sun is on the Prime Yertical, it bears either east or west, and Ltne * tewai - 
is, accordingly, in the best position for determining the longitude, 
since an observer at such times will be on the “ Sumner line” run- 
ning due north and south, and, therefore, independent of his 
exact latitude. This is also shewn on the Chartlets. 

There is, however, a very wide difference in these two cases, 
which it may be as well to refer to. If the sun left a mark on 
the earth’s surface as it moved over it from east to west, the 
latitude of this mark would everywhere be the same,f and would 

* Ab before stated, the Greenwich Time is supposed to be accurately known, other- 
wise the line will be moved bodily to the eastward or toestioard, in proportion to the 
amount and direction of the error, 4s. being equal to V of longitude. The latitude, 
however, ia not in any way affected by an error in the Greenwioh Time. 

fThis is a broad Statement, as no account is taken of the constant change in 
the declination. 
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be equal to the declination, and therefore, if the observer but knew 
his distance north or south of this line, he would know his latitude 
also. That is easily understood. 

Now, as the meridian altitude subtracted from 90° gives the 
distance from the sun, and, consequently, from the mark, the rest 
is the simplest kind of arithmetic. 

For example, let the sun’s declination at noon be 20° S., and 
the observer’s zenith 40° to the southward of the sun, then his 
now latttnde latitude will be 20° S. plus 40° S., equal to 60° S. Or, suppose the 
is anriYed at observer s zenith to be 40° north of the sun ; then, as the sun is 20° 
south of the Equator, and the observer is 40° to the north of the 
sun, he must be 20° north of the Equator, which is his latitude. 

Now, to ascertain the longitude, we might calculate in the same 
way if we only had a second sun moving round us from north to 
south, but we have not, and so the matter needs to be treated in 
some other form. 

The latitude, as already seen, may be obtained by direct instru¬ 
mental measurement, being nothing more than the sun’s angular 
distance from the observer* 9 8 parallel , plus or minus the sun*s dis¬ 
tance from the Equator. This is done every day at noon, and the 
Operation is to a large extent independent of a knowledge of the 
How longitude. In ascertaining the latter, the distance of the sun is 

umeinit!* taken from the observers Meridian; but excepting in the one par- 
ticular case, when the observer is on the Equator, and the declina¬ 
tion is 0°, this is not susceptible of direct measurement. In this 
special case, the sun describes a “ Great Circle ” round the world, 
rising due east, and setting due west* At such times the 
Meridian Distance is obtained directly , by merely subtracting the 
true altitude from 90°, and turning the remainder into time, which 
of course is the Hour Angle. At all other times the Meridian 
Distance is obtained by coraputing the spherical triangle, of which 
the arguraents are the Polar Distance, Latitude, and Altitude, 
constituting the after-breakfast problem so familiär to all “ South 
Spainers.” 

Säumer Line But we must get back to the “ Sumner line,” as it possesses yet 
shewibearing ano ther property of very considerable conveuience to the naviga- 
laaC ^ t j ie jj no on the chart be extended tili it meets a point of 
land, it sheu'8 the beariny of that land, and although the exact 
distance will not be known, we have only to sail on this line tili 


• Vuh foot-note, page 311. 
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the place is arrived at. On this account the “ Sumner line” is 
frequently termed a * Line of bearing.”* 

When entering the English Channel in winter, this knowledge 
may be of great Service. The course of homeward-bounders is 
generally a north-easterly one, so that the south-easterly bearing 
of the sun in the forenoon is well adapted to give such a direction 
to the line as will cause it to strike some part of the coask 

When the “ Sumner line ” happens to pass rather wide of a to mal» 
place which would make a suitable landfall, the difficulty can be 
circumvented by ruling through the desired point a second line "W 
parallel to the first, and so shaping the course as to get on to this POtot ’ 
new line as quickly as possible. Just as though in a stränge 
town you were directed to a shop some distance ahead on the 
opposito side of the Street, your first move would naturally be to 
cross over, and then resume your walk in the same direction, 
knowing that you are bound to come to it in time, and only 
require a good look-out tili you do so. 

Instead of laying down a “ Sumner line ” by working a sight 
with two assumed latitudes, and pricking them off with their 
respective longitudes, half of the labour may be saved by recol- 
lecting that the “ Sumner line 99 rum at right angle» to the sun 9 » 
true bearing , therefore, if the sun’s bearing be known, it is easy 
to lay down the “ Sumner line.” To do this, work the sight once 3 ^ ^ ^ 
only , using the latitude by account, and mark the resulting down 
position on the chart. Open the “ Red Book,”t and find the sun’s 
true bearing, employing for this purpose the hour angle just 
found, and the same latitude and declination. Eule a line through 
the chart position at right angles to the sun’s true azimuth, and 
you have the “ Sumner line ” as before. 

Here a Word of caution is necessary. When the sun’s altitude is 
high, the circle is small; and if even a trifling portion of the cir- 
cumference be then taken, it will be found considerably curved, 
and the azimuth of the sun as measured from the two extremes of 
the arc will appreciably differ; so that the “ line of bearing” is not 
altogether so reliable as it would be if the altitude were low, and 
the circle proportionately large. However, as this problem is more 
likely to be used in winter than summer, such a case will scarcely 
arise in practice. Nevertheless, it is well to bear it in mind. 

• Seameu of the old school (when Chronometers were more scarce than now) are 
familiär with the plan commonly adopted long before Sumner’s time, of running down 
their easting or westing on the parallel of the port bound to. This was nothing more 
than sailing on a 12 o’clock “Sumner line.” 

f Burdwood't or Davit's Azimuth Tables. 
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The practieabüity having already been pointed out, of öxing a 
ehip*s poäition on the "Surnner line n by a cast of the lead, it 
remains to abew another mode of doing so by the bearing of a 
distant object. 

It is essential in this case that the sim shouid be either pretty 
much in the satne or oontrary direetion to the object of wbieh the 
■ bearing ia takcn. Shouid the sun bear either exactly over it or in 
the contrary direetion, the “eut” will be a right-anglcd one ; and 
in proportion to the diöerence of the bearing of the sun and object, 
so will the angle of intersection of the two lines be more or lesa 
favourable. If, for example, the sun beara two points to tbe right 
or lefb of the object, the "ent” will have an angle of six points, 
which ia very good, but the nearer it is to eight points the better. 
If the otject be a long way off—say 4D to 50 miles—it is neceesary 
to take the bearing with great care. A metbod of doing this wirb 
the utruost accuracy will be given further on. An error of I" at 
50 miles would throw out the ship s position nearly one inile. As 
the sun s position c&n be l&id down on the chart at any time, this 
method may be regarded as a mode of hxing the ship s position by 
cross bearhigs* a short object heilig used for one bearing, and the 
sun for the other. 

An examplc will now be given, accompanicd by a ch&rtlet, to 
demonstrate the niany great advantages of the "Su inner line n in 
cases of critical navigatioa It will vroue the praclicability of 
sailing in absolute safdy, and without tos Ing di&tance, round dan~ 
gerous shoal s, wken neither the latitude nor longitude of the ship 
are more tkan approxi/mately krumm 

The observations her© detailed were actually made by the 
author when cominandiiig the Pacific Oo/s a teamship Galicia t 
but the dato haa been altered to suit the Nautieal Altnauac for 
the present year. 

On the mornrng of October 24th, 1881, the steamsliip Galiria, 
being bound to Monte Video, was steering -N* 29° E. (true), 12 knots 
per hour, the Intention being to pass outslde the Freneh, Astrolabe, 
and EngÜsh banks, 

At 71k 8m. A.M, App. Time at Ship, a cast of the lead was taken 
in 15 fathoms, Bandy bottom, and the following observation was 
inade to get a ** Sumner line/* by which to keep clear of the 
shoala 

II M, ft. 

GMX 10" U H* a.ü. mm* ikl*. -9" Tm* All ftf *& 

Co IT. Iquft. + Ift 441 

O AT. * 10 W n 
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Accordingly, Latitude 35° 57' S., and Longitude 55° 30' W., 
were pricked off on the chart. Next Burdwood was opened at 
page 65, and under declination 12°, and opposite 7h. 8m. A.T.S., the 
sun's true bearing was found to be 90°, or East. Therefore, a North 
and South “ Sumner line ” was ruled through the ship’s position. 

Now, in accordance with what has already been stated, the ship 
must be somewhere on this line; and as it trended due North and 
South, owing to the 8un being on the Prime Vertical, the exact 
longitude was a matter of certainty, and the soundings seemed to 
indicate that the latitude by D.R. was pretty correct Looking 
at the line on the chart, it is evident, let the latitude be what it 
may, that if the ship was steered upon it, she would go clear of 
danger. This was done, and the ship’s course then became North 
(true). As a precaution the lead was kept going, to guard against 
a westerly set of the tide or vumnt. 

About 10 A.M. high land was sighted a little on the starboard 
bow, and at 11 A.M. the Pan de Azucar (a mountain 1374 feet high) 
was recognized, bearing N. 30° E. (true). Its vertical Sextant 
angle— measured on and off —was 0° 26' 45", eye 28 feet Imme- 
diately an observation was made to get a second “ Sumner line,” as 
the sun was favourably situated for Crossing it with the bearing 
of the mountain. A cast was also taken in 11J fathoms, mud. 


B. M. 8. 

O.M.T. 2 28 16*6 p.m. same dato. -0- True AH. 68* V 

Corr. Equa. + 16 46 8 


G.A.T.. . 2 42 ID 


Position by aoo. 


jLat. 86* W& 

1 Long. 66* W W. 


Polar dlstance 78 8 
Lat. by aoo. . 86 10 
True Alt. 68 6 


0 009616 
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- 8 607014 
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26 8l 
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316 DODCIX0 ROUND SHOALS . 

This position was duly pricked off and as Burdwood doea not 
give the azimuth when the altitude exceeds 00 °, recourso was had 
to Towson’s handy tables,* page 72, where, by a very few figures, 
the suns true beariug was determined to be N. 34* Et A 
14 Sumner line M at right angles to this (N, 06 * W. true) being mied 
through the chart position, was found to lead in safety round the 
north-eastern edge of the Etiglish Bank, and strike the Island 
of Floren This course was steered with every eonfidenee, and in 
three-quarters of an bour the Hghthouse was made dead nliead, 
When the “Sumner line" was cut by laying off on the chart the 
beariug of the “Pan de Azucar" it gave a position agTeeing 
exactly with the onc by D.R, and further corroboration was found 
in the soundings, which tallied to a nicety. The distance of the 
mountain was ealcnlated from the observed vertical angle, and 
found to be 24J milea The measurement on the chart proved to 
be the same/f" 

Here we have as good an example as could well be selecfced, of 
the immense value of the "Sumner line" when tnaking the land, 
or dodging round shoals, 1 t is neceasary to observe that the 
Chronometers had been rated a few days before at Sandy Point, in 
the Straits of Magellan, so that the longitude of the 4( Sumner 
line " could be depended upon as correefc, otherwise it would have 
been im prüden t to skirfc the banks so closely. In laying off 
"Sumner iines” on the chart, the navigator is strongly recom- 
mended to um Field's Parallel Ruler, which will bo found very 
handy for this and similar purposes, 

By way of practica, the reader can work ont the ibUowing obsor- 
vations, which were made going 11 p the Irish Channel:— 

Tuesday, June 8th, 1880, at 3h. 4m. r.M., the lb. Bt dUh Crotcn pnased one 
mite S.E. of Tusk&r ligbthouse, and fchaped a couree up the George's Channel 
N. 31i* K, the speed over the bottom varying from 9 knots per hour aguinat 
the ebb, to 14j knote with the ilood. 

In every eaae the correef Greenwich Mean Time is iwferred fco, The ctmreea 
and bea rings are by Sir William Thomson s Standard com pass redmed to trtav 
Eye 24 feet No index error. The exnet |K>sit ion of the ship w;is ascortamed 
from time to time by beArings of the land, and horizontal angles laid down 
with the Station Pointer. In two insUnoes t *rtical sextant angles of Croglmn 


* ** Pmctical lafortnation on tho Deviation of the Üompaw, for the tuw of MiwU-n 
and Matern of Iran Shlpä. 4 * By J. T. Towraü. 

fThe writer has brought out a small book (pockefc ske), entjtled if The Danaer 
Auyle and Ofl-shore Dintonce Table*,’’ whertby a ship's diitacce frum the ovxi tamf 
he uken out by simple iuspecticiR. H can be prrctired from the publisber* of thU 
w<»rk ( And uther uautica) bouksetten. (Prioo b, Ad.) 
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Hill —meamrtd on and off the arc —were taken as a check, and coincided 
beautifully with the other detenninations. The obeervations were made by 
the writer singlehanded, and the Chronometer times taken by an ofiicer. Had 
there been an assistant to permit of the observations being made simultaneously, 
of course it would have been easier, but the close agreement of the results 
shews what can be done by trying. The chart used was Admiralty Sheet 
Na 1825 B. The reader is recommended, before going into the calulations, to 
lay off the ship’s position corresponding to the various times of observation. 
This is easily done by starting at one mile S.E. of Tuskar, and ruling a light 
pencil line with Field’s Parallel Ruler in the direction of N. 3li° K true. 
Upon this lay off the ship’s position at 5h. 28m. 16s.—5h. 45m. 00s.— 
6 h. 10m. 19s.—6h. 37m. 00s.—7h. 51m. 53s. and 8h. 15m. 8s. When working 
out the Sumner lines, use a latitude expressly in error some 10', so that the 
perfection of the method may be fully demonstrated. 

4h. 4m. 00& p.m. Lucifer Shoals lightvessel abeam, distant about 4| miles. 

5h. 28m. 16a _®_25° 57'. Slieve Boy N. 754° W. Position by bearings, &c., 
62° 33' 7" N., and 5° 50' 00" W. Position by “Sumner line” crossed with 
bearings of Slieve Boy 52° 33' 00" N., and 5° 49' 37" W. 

6 h. 33m. 40a 25° 7 j'. Croghan Hill N. 54° W. A0° 43 , 60" = 23' distant 

against 22f' by bearings, &c., which latter gave position 52° 34' 8" N. and 
6 ° 49' 10" W. Position by “ Sumner line ” crossed with bearing of Croghan 
Hill 52° 34' 6" N. and 6° 49' 45" W. 

5h. 45m. 00a South Arklow lightvessel bore N. 43j° W., distant nearly 8'. 

6 h. 10m. 19a JL 19° 36'. Croghan Hill N. 72j° W. A 0° 42 / 10" = 23j', 
distant, agreeing exactly with following position by bearings, &c., 52° 40' 50" 
N. and 6° 42' 30" W. By “Sumner line” crossed with bearing of Croghan 
Hill 52° 40 55" N. and 5° 43' 00" W. 

6 h. 23m. 54a © 17° 344'. Croghan Hill N. 79j° W. Observed horizontal 
angles as follows Mt. Leinster 18° 45' Croghan Hill 45° 34' Great Sugar 
Loaf. Which gave position 52° 43' 20" N. and 6° 40' 00" W., against 
62° 43' 12" N. and 5° 38' 30" W., by “ Sumner line ” cut by Croghan HilL 

6 h. 37m. 00a Wicklow Head lighthouse bore N. 48j° W. 

7h. 51m. 53a 6° 30'. Summit of Bardsey Island, in the opposite direction 

to the sun, bore S. 54j° K, distant about 27J miles. The sextant angle between 
Croghan Hill and the sun’s nearest limb was 53° 67'. Position 53° 1' 60" N. 
and 5° 23' 00" W., against 53° 2' 5" N. and 5° 23' 40" W., by “Sumner line” 
cut by Bardsey. In this case the bearing of Croghan Hill was found by first 
getting out the sun’s azimuth from the “ Red book,” and then applying to it 
the horizontal angle measured between it and Croghan Hill The method of 
doing this will be given in another chapter. 

8 h. 16m. 8s. The final position of the ship was 53° 6' 40" N. and 6° 18' 60" 
W. The horizontal angle between the Great Sugar Loaf and the sun’s nearest 
limb was 30° 46', the sun having an altitude of about 2° 46'. At the same 
time, nearly, the horizontal angle between Holyhead Mountain and the summit 
of Bardsey was 74* 40'. 
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CHAPTER X. 

“DOUBLE ALTITUDES," 

That very distinguishcd authority, Sir W, Thomson, in alluding 
to Sumner’s method of H Double Altitudcs,” is credited with b&vinir 
seid in the course of a lecture at Glasgow, “ that it would be the 
greatest Messing to navigators, both young and old, if cvery 
other method of ordinary navigation could Le swept a\vay* M 
When one conaiders that the “Double Altitude” problem—not 
Ivory's, or Riddle'a, or the method by natural aines, but the 
“ Double Altitude” problem as now practised—gives the Latitude, 
Longitude, and Azimuth, all at one working, the learned Professor 3 
remark seems more than justified. 

The chief vir tue of this power f ul problem eonsists in utüizing 
observations taken at any hour of the day, so that one is reodered 
gloriously independent of the 9 o'clock sight, and the time-honoured 
Meridian Altitude, Of all others, therefore, this is the problem to 
which the navigator should devote his most serious attention. 

In the last chapter it is shcwn how a single altitude of the 
sun gives a u Circle or Curvc of position,” upon some part of which 
the observer must be. If, then, alter an iuterval, during which 
the suu has travelled sufficiently to the westward, anoth^r altitudo 
be taken, a second “Circle of position " will be obtained, upon 
some part of which the observer must likewise be- Now, sioce ho 
is someivhere on hoth of the circles, he must of necessity be at their 
pennt of intersection, which is the only place that can sat isfy the 
twofold condition, It is true that the eirclus intersect eaeh other 
at two points, but theae are gencrally wide apart—perhaps in 
oppostte hemispherea—and aurely the observer knows bis where- 
abouts within a haudful of degreea It will be evident, therefore. 
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that the “ Double Altitude ”* problem is nothing more than the 
Operation detailed in the last chapter, repeated after a suitable 
iuterval. Chartlet No. 3 illustrates this. The circles in it are those 
which have already been separately given. They are now com- 
bined, to exemplify the method, and the data belonging to each 
presented to the reader in a complete form. 


Mabch 7th, 1880. 

About 11 A.M. Apparent Time at Ship, an obeerver in the Northern hemisphere Erample 
found the eun’s true altitude to be 50 J , when a Chronometer shewed lh. o^ ponblÄ 
lim. 3*8a of G.M.T. 

After an interval of four hours, the same obeerver, at 6h. lim. 12s. of 
G.M.T., found the sun’s true altitude to be 33° 17' 46". Required hiß Latitude 
and Longitude; also the sun’s true azimuth at each observation. 


Altitude. 


Reference to the chartlet will shew that the circles intersect in 
Latitude 32° 23' N., and Longitude 30° W. The sun’s azimuth at 
the first observation was S. 23f° E. and S. 57£° W. at the last one. 

The “ Sumner lines ” are at right angles to these bearings, and of 
course cut each other at the same point that the circles do. Con- 
sidering them as “ Lines qf bearing” if the ship were sailed on the 
first “ Sumner line,” she would fetch Vigo in one direction, or the 
West India Islands in the other. If she were sailed on the 
second “Sumner line/* she would fetch either Sierra Leone or 
Baffin’s Bay. 

This method may be considered as a means of determining the “Aatronoml- 
ship’s place by astronomical cross-bearings; the first bearing of the bearitaga.’’ 
sun being taken when convenient, and its position at that moment 
laid down on the chart; and the second, or cross-bearing , after an 
interval sufücient to allow the requisite change in the sun’s posi¬ 
tion. In the example before us, the bearings cross at an angle of 
81 J°, which, being nearly a right angle, gives a very favourable 
“ cut.” 

In practice, the ship is very seldom stationary between the 
observations, and if it be required (as is customary) to know her 
position at the last one, the first circle must be moved bodily to 
the same distance and in the same direction as the ship has 
sailed in the interval. When dealing with the “ Sumner lines,” How to 
the same rule of course holds good: the first one must be trans- 

__BlilfU Position 

" " between 

• Kaper finde fault with this term, and suggests “ Combined Altitudee,” but ita ObaervatiOlll. 
meaning ia so thoroughly established among the seafaring oommunity, that any attempt 
to change it would be questionable wisdom. 
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USE OF “RED BOOK" CONVENIENT 


Double 

Altitude«. 


ferred parallel with itself, according to tbe course and distance 
made good between sights. Then its point of intersection with the 
second " Sumner line ” will be the ship’s place as required. 

In sea-going practice, to find the latitude and longitude by this 
method, take two altitudes of the sun, with such an interval 
between them as will give a difference of bearing of at least 
three points, but the nearer to eight points the better—same 
rule in fact as in taking cross-bearings of the land, where tbe 
place of the ship is most distinctly marked when the pencil 
lines have a good square Crossing. Work the altitudes separately, 
using the Latitude by account and Polar distance proper to each, 
and find the respective azimuths by the “ Red book.” Through 
each resulting position on the chart, rule a “ Sumner line/* differ- 
ing 90° in direction from the sun’s true bearing. Take any point 
in the Ist line, and from it draw a 3rd, to represent the ship’s 
run between the observations. Through the end of this 3rd line 
draw a 4th, parallel to the Ist, and the point at which it cuts 
the 2nd Sumner line is the place of the ship. 

To prevent confusion, it is better not to draw the 2nd “ Sumner 
line” tili the Ist one has been projected for the run of the ship: 
there need then be but one point of intersection, as in the figure. 
It might serve to make this transference of the Ist “ Sumner 
line ” better understood, if we were to imagine it something the 
ship could carry with her, and drop at the correct angle , at the 



x 

x 

\ 

\ 


Ist " Sumner line." 
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instant of making the observation which was to cross it with tho 
2nd “ Sumner line ” 

Now, it is not always convenient to draw “ Sumner lines 99 on Calculation 
a chart. Moreover, to define the “ cut ” clearly and aecurately, it 
is necessary to use a well-sharpened pencil, to have a chart on a 
fairly large scale, and that the difference in the sun’s bearing 
be not less than three points,—the two latter of which conditions 
are unfortunately not always obtainable. Again, if “Double 
altitudes” be practised daily—as most assuredly tliey ought to Caicniation 
be—constantly plotting the “ Sumner lines ” would soon disfigure ™thod 
the chart. It may be graphic, but it is also clumsy. too tedions. 

To avoid all tbis, and ensure the greatest accuracy the method 
is capable of, it is advisable to do the whole thing by calculation 
from first to last. But the “Double altitude” problem, wlien 
worked out in full, according to Sumner , is a formidable afiair, and 
the rules at the finish are so complicated as to scare most ordinary 
seafaring men. 

The easier method recently introduced by Mr. A. C. Johnson, Johnson’* 
M.A., Naval Instructor on board Her Majestys training shipjjjjjjj* 

“ Britannia,” is therefore a most welcome improvement* It is Problem 
short, easily understood, and accurate, and there is little in the ^ best * 
whole calculation with which the navigator is not already familiär. 

Let us now contrast the two methods, and the reader can judge 
for himself which gives most value for an equal number of 
figures. The example, of which the figures are here given, is 
the one already presented graphically to the reader in chartlets 1, 

2, and 3. 


*“ On finding the Latitude and Longitude in Cloudy Weather London: J. D. 
Potter, 31, Poultry. 


X 




SUMNER'S STYLE OF CALCULATING A * DOUBLE ALTITUDE(BOSSE R'S ARRANGEMENT). 

Ass ui ul LaUtmte, 32* W N. 

h. m. s. m u. 

Greenwich Mean Time .... 1 11 3 U - 0 - True Alt. 60 * OV. Greenwich Mran Time .... ft 11 II Tnuüi Ö* Uf t 

Corrected Eqo&tion of Time . . — 11 8-8 i r ncWt! Kqnatluii uf Tliti# . . — 11 13 

let Greenwich App. Time ... 1 0 0*0 Viul Greenwich App. Time . ( ( I 0 0 0 
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SAMT. “DOUBLE ALTITUDE” CALCULATED BY A. C. JOHNSOITS METHOD. 

Assumed Latitude, 32° 16' N. 
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DOUBLE ALTTTÜDES, — JOHNSOX'S METHOD. 


The FOLLOWLSG IS THE Rule fob this Mkthodl # 

L Let two Chronometer observations be taken at an interval of 
about an hour and a half, or two hours, if possible/J" and let the 
first be worked out with the lat., D.R at the time of Observation. 

IL Let the lat, D.R, and longitade thus obt&ined, be corrected 
for the run of the ship in the interval between the observations» 
and let the second observation be worked with this corrected 
latitnde. Name these longitudes (1) and (2), and take their 
difference. 

III. The bearing of the sun at each observation is to be taken 
from an Azimuth Tabla In every case they are to be considered 
as less than 90°; so that when the Tabular bearings exceed 90°, 
we must subtract them from 180", and reckon them from the 
opposite point of the compass; thus N. 122J° W. would be S. 
57£° W., and so on. 

IV. Enter Table L (pages 288, 289,) with the latitude and 
bearings, and take from it two numbers (a) and (6), of which 
take the difference or sum, according as the bearings are in the 
same or different quarters of the compass. The difference between 
the longitudes (1) and (2), divided by this difference orsum,gives 
the correction for the second latitude ; and (a) and ( b ), multiplied 
by this correction for latitude, gives the corrections for the two 
longitudes. 

V. To apply the corrections for the longitude. 

When the observations are ' When the observations are in 
in the same quarter of the different quarters of the compass, 
compass, allow the correc- correct the Easterly longitude 
tions hoth to the East, or both towards the West,and the Westerly 
to the West, longitude towards the East, 

in such a manner as to make the two longitudes agree. If they 
do not agree, they shew that the corrections have been wrongly 
applied; and herein, as Mr. Johnson says, we have a valuable 
safeguard against error, peculiar to this method only. 

VI. To apply the correction for the latitude. 

Under the suns bearing at the time of observation write the 
opposite bearing, and suppose the letters to be connected diagonally; 
then that connected with the name of the correction for longitude 
will be the name of the correction for the latitude. Thus, if the 

• Inserted with Mr. Johnson’« periu'msion. 

f Provided that the sun’* hearing ha* changod not less than a point and a half, or 
two point*. 
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correction for the longitude were 6J' W., and the sun’s bearing 
•S. 57i° W., 

We should write down S. V. 
and under it N. E. 

Then, as the letter wliich Stands diagonally opposite to W. (the 
name of the correction for the longitude) is N., the correction for 
the latitude has to be allowed towards the North: and so on in 
other cases. 

A consideration of the direction in which the “ Sumner lines n 
trend, will give the reason for Rule VI. The reader can also 
refer back to tliose in Chartlet No. 3, and to the explanation on 
page 299, et sequitur. 

An example from actual observation on board ship is given on 
the followiug page, to shew the complete working of the method 
advocated. 

This of Johnson’s may be regarded as a convenient adaptation similarity of 
of Rösser s method of " Double Altitudes by Logarithmic Tabular 
Differences.” The two are virtually the same in principle; and Bo»«:’« »nd 
although Rosser’s is very first-rate, Johnson s has undoubtedly cut method«. 
it out. The greater brevity of the latter, its freedom from even 
the mspicion of algebra—a regulär bugbear to some men—and 
fewer rules to remember, are all good points to scora The writer Profamu» 
used Rosser’s method aluiost daily for a nurnber of years, but has 
abandoned it in favour of Johnsons. 

Sir W. Thomson, much impressed with the value of Sumner’s 
method in his own nautical experience, which is not inconsider- 
able, has gone to the trouble and expense of Publishing a set of 
tables to facilitate the working, but they do not seein to find 
general favour, and Johnsons method—taken all round—is hard 
to beat. 

In actual practice, the first half of the “Double Altitude” 
observation is worked out as soon as possible; and it is well to 
take the 2nd altitude about an hour or so after the first, in case 
a more desirable one should not be obtained later on. It can be 
kept as a“ stand by,” and need not be worked out if a better 
turn up. 

As the sun’s bearing changes more rapidly in high latitudes wintar b«tter 
than in low—in winter than in suramer—the interval between v** 31 8™»« 
the observations may at such times be correspondingly smaller. Altitude«. 
This fits in admirably with the sailors requirements, as it is just 
in winter he happens most to noed the aid of this problem. The 
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writer has frequently worked out “Double altitudes” by this 
method with only tbree-quarters of an liour interval, for want of 
a longer, and found them to come out with wonderful accuracy. 

The difference in bearing in such cases would be less than a point, 
and if the “ Sumner lines ” were drawn on the chart, they would 
be found to run together , and their intersection would be very ill 
defined indeed. Therefore it is that in many instances calculation 
is preferable to laying down the lines, &c., on the chart, which 
latter Operation is technically styled “plotting” the work. 

What has been stated in this and the previous chapter, with D(mble 
regard to “Circles of Equal Altitude, 1 ’ “Suraner lines,” and Altitudes 
“ Double altitudes ” generally, is equally applicable to Sun, Moon, ^Heavaniy 
Planet, or fixed Star—the principle is the same; but as there BodleiL 
can be no possible reason on a clear night to wait for a “ Double 
altitude " of a star, when the Heavens are full of objects in the 
most suitable positions for simultaneous Astronomical Cross-bear - 
ings 9 it is proposed to devote the next chapter to the method of 
finding the latitude and longitude by simultaneous altitudes of gllIIlsltMieaui 
two or more fixed stars. Aitrnde« or 

If the reader be desirous of going very thoroughly into the 8tarB * 
fundamental principles of “Double altitudes,” let him read an 
excellent article on the subject in the first three numbers of the 
Nauücal Magazine for 1880. The problem is there handled in a 
masterly style, and in language suitable to the indifferent mathe- 
matical traiuing of the merchant seaman. 



CHAPTER XL 


SIXvLTAXDjUS A L T irtb B 


T:.e prositrn of tbe “Circle of Eqo&l Altitude* may be ex- 
to any eeleüial i»iy. Tiie pole of tbe eirde will tlways 
be tLe place wbo*e loozitude is die Greenwich bour angle of tbe 
object (reck .»ned w^t ward;, and whose latitude is tbe seine ms 

tLe dee.iixat: >u of tLe object. 

Tue Greenwich Lour anjle of a star is as easily obtained as 
gtiwitaiuat t ^ iSkl 0 f t f j€r &1Jn . St \ nc ^ 9 if there is extra work in one pari, it is 
made up fbr by tbe fact tbat we Lake out at suht tbe Dedination 
zni Ki^Iit Ascension wkLout having to make any correctiona 
Thu^:— 


IMtttoa t€ 
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Over wnat places on tbe eartb’s surface were the stars Sirius 
aiid Benetn&tch vert:c*l at ’n. -7in. 4Gi G.M/T., on February 21*t, 
1 f 
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Il'iving tlius fouud the ceutres of the circles, tlieir si 2 e at any 
•rtven moiiieiit will dej^end entireiy upun the altitudes obtained at 
the place of the o'.»Server. In tne ci^* before us—to wbicb Um 
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is the introduction—tlie circles are very large, aa the observed 
altitudes happen to be both small. 

The true altitude of Sirius is 15° 56£ # , and that of Benetnasch 
16° 24 \ and the circles intersect in Latitude 51° 1' N., and 
Longitude 17° 43' W. The “Sumner lines” cut at a good angle 
—121°; and, as usual, each lies at right angles to the bearing of 
the star to which it pertains. 

Attention is bere directed to the fact that in that geographical 
position, when the altitude of Sirius was 15° 56£' the correspond- 
ing altitude of Benetnasch could only be 16° 24 £'—neither more 
nor le88. This amounts to saying that if, at a specified time, the 
altitude of any visible star be given to a Computer whose own 
position is known, he can calculate what the altitude of any other 
visible star would be at the same instant and at the same place; 
or, in other words, the two sets of data are intercbangeable. 

Again: take notice of the difference in the longitude of the centras 
or poles of the two circles. It amounts to 105° 44' 22' in arc, or 
7h. 2m. 57*5s. in time, which is exactly equal to the difference of 
the Right Ascensions of the stars. A second reading of the 
chapter on “Time” will brighten up the memory as to how this 
can be. 

Having endeavoured briefly to explain some of the ground- 
work of the problem, we will now get on to the more practical part. 

Unlike “Double altitudes” of the sun, in which the observer Advantage»of 
has to air bis patience waiting tili the difference of bearing is 
such as will give a sufficiently good ** cut,” Astronomical Cross- 
bearings (as the writer chooses to call them) can be obtained from 
simultaneous observations of the stars or planets without any 
interval whatever. This method possesses several striking advan- 
tages. 

I. Stars may always be selected in such positions as will give 
the very best results, wliile the sun, on the contrary, is restricted 
in its application, the conditions not generally being matters of 
choice. Hence this method may be practised with equal success 
in all latitudes, and with high as well as low altitudes, although 
the latter are preferable, for reasons with which the reader is no 
doubt by this time familiär. 

II. Since there is no interval between the observations, the 
method is free from possible errors in the ship’s run, which errors, 
even when comparatively small, may seriously affect the result 

III. Several pairs of stars may be taken at the same time—one 
as a check upon the other. 



STAE HOÜRÄNGLES AND AZIMUT HS. 


Star 

Azimutha, 


33° 

IV. One observation of either snn or star gives a M Line of Lear- 
ing,” which, valuable as it may be—so far aa it goes—does not 
give a complete result. But it will be rare indeed that there will 
be any occasion to plot a "laue of bearing” by a single star; 
sinoe, if one is visible, there are general ly others also, so me of 
which cau be taken simultaneously, and so make it possible io 
defiae the ship’s position exactly, 

With the stars also, caleulation throughout is preferable to the 
chart, though in their ease tliere is not altogether the same need 
for it as with the mn ; since, if the stars be well chosen—and 
there is uo reason why they should not bc—the “ Sumncr lines M 
will aot be open to the objection of making a bad " cut* How¬ 
ever, tbia may be considered a matter of taste; but, for those who 
prefer caleulation, Johnsons method is ag&in available* 

A few examplea of the working will now be given. Instead of 
coraputing an imaginary series of observations, these are selected 
at random frota among a nurnber of others, takmi on the same 
evening. The results in every case agreed witlün a 1' or so* Were 
it not that the writer knenva the great aecuracy attaioable with 
stars, and how superior they are to the sun, he would scarcely 
take up time and space to advocate their adoption* 

It is necessary to notice two points of importance about the 
work of the * Benetnaseh* 

(1.) As its declination exceeds 23*, the azirmith cannot be taken 
out hy Lnspection from the "Red Book” This will sometbnes 
oecur in practica, but the diffieulty, as already explamed 011 page 
93, may be got over by the use of Towsoti s Table VII* When 
however, the star employed is not one of those in the table, its 
be&ring mast be worked out in the old-fashioued way, by the 
Alt-azimuth problem (vide Norie, page 228, et $eq.) The calcula- 
tion is in all respects the saine m the one employed for the sun* 
Norie only gives examples of the latter, but, as there is uo 
differeuce, the omission does not signify* 

(2.) Benetnaseh being a eircumpolar * does not set to an 
obaerver North of 40°, and, consequently, it may have any hour 
angle up to 12 hours east or west of the meridian. 

ln the preceding example, its hour angle or meridian distance is 
9h* 23m* 38s*, which is not eontamed in Table XXXI. of Noria 
It will be found, however, in Table G9 of Hapert Epitome, which 
extends up to 12 hours. Sliould the navigator not posscas the 
latter epitome, he need not consider the battle lost, as there is an 
easy dodge by which the desired end may be attained. 





SIMULTANE0US ALTITUDES. 


331 



















332 


HOW TO TAKE SIMULTANEOUS ALTS. 


How to Und Take out the log. sine of half the log. of the hour angle ; double 
when the* 6 i* and turn it into time , and you have what you want. The log. of 
regroiar the hour angle is 19 94845 ; halve it = 9 974225; the log. sine of 

av&n&bie. this is 70° 27' 17^, which, doubled, is 140° 54' 34' = 9h. 23m. 38s. 

To select fitting stars for Simultaneous Altitudes is a simple 
Btxntor** 01 mft tter. Choose any star or planet whose bearing from the 
simultaneous meridian exceeds 10° or 12°. Face it squarely, and, extending the 
Altitudes. r jght or left arm upwards from the side, notice if it points to any 
other known star of the first, second, or third magnitude. Such 
a star will bear at right angles to the first one, and be in the 
best possible position for pairing with it If you fail to find a 
star or planet so situated, take the next best you can get, but 
endeavour to avoid the diflerence in the bearings being lese than 
t)0°, or more than 120°. 

In working Simultaneous Altitudes by Johnson’s method, it is by 
no means essential that they should be taken exactly at the same 
instant. The idea that two observers were required for this 
problem has often proved a bar sinister to its use. This we 
must remove forthwith, and shew that, by having all preparations 
made beforehand, one sextant is quite equal to the occasion. 

Place an officer at the Chronometer, and take the sights yourself 
from behind the slielter of the bridge-cloth— in clear weather , the 
higher the Letter. Let a quartermaster attend with a bulls-eye or 
binnacle lamp by which to read off, and in this manner the two 
stars can easily be taken by an expert observer in from one to two 
minutes of each other, which is close enough together if the sights 
are good. 

The two following examples, taken in this fashion, may bo 
worked for practice. To convince yourself of the value of the 
method, work with a latitude purposely 10' or 20' in error—say 
51° 10J N., as in the preceding example :— 

Februaky 21sr, 1880, observed as follows, 
h. m. s. 0 , 

Time by chron. 7 27) 5 * a Cygni (Deneb) 20 34$ W, 3 To be worked 

„ „ " 27 7 * Dubhe 40 .34 E. J as a pair. 

7 .34 '2$ * Alplieratz .35 374 W. | To be worked 

„ ,, 7 3G 10 * Dubhe 41 ^5 E. / as a pair. 

All conditions the same as in the worked example. 

These observations are bona ßde f and although they come out 
well together, the evening was not by any means a favourable 
one; and the writer might easily have selectcd stars out of his 


Examples for 
Practice. 
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work books agreeing closer, but theso are preferred as a fair 
average sample. 

As a specimen of accurate observation, take the following, made 
on the present voyage. About 7h. 22m. P.M., August Ist, 1880, 
the stars Altair (E.), and Arcturus (W.), gave precisely the same 
longitude; the third—Benetnasch (W.), differing only 1'. The 
Pole * was observed for latitude, and differed only half a mile 
from Antares to the Southward, the latter being worked as an 
Ex-meridian, with an hour angle of lim. 9s. 

The observations were taken and calculatcd in the presence of 
the Chief Officer and Surgeon, and afterwards examined by them, 
so that “ cooking ” was impossible. They are not mentioned here “Co oklng .» 
in self-glorification, but merely to shew what can be done with 
the stars, and what extremely satisfactory results are to be ob- 
tained, when one understands and has practice at the work. 

Of course simultaneous altitudes of two Planets, or of a star 
and a Planet, can be worked out in a precisely similar manner. 

An example of a star and a Planet coupled together is givcn over 
the leaf. 
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SIMULTANEOUS ALTITÜDES OF PLANET AND STAR. 
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CHAPTER XII. 


COM PASS ADJUSTMENT. 

An exliaustive enquiry into this most important subject must 
involve a whole book on it alone, whilst in these pages we can 
but afford it a chapter. For more complete information, the 
student cannot do better than read up the books in the Nauücal 
Library marked by an asterisk, taking them in the Order there 
numbered 4, 5, and 6. Even here, however, before treating of the 
practical part of the work, it is absolutdy necessary to explain 
some of the principal features of the theory , since it is certain that 
any one who attempts Compass Adjustment by mere “rule of 
thumb,” without clearly comprehending the laws upon which it is 
based, can never hope to perform it satisfactorily. 

The Earth itself is a huge magnet, whose magnetic poles (two in The Barth a 
number) are entirely distinct from its poles of rotation. That in 
the northern hemisphere is situated to the N.N. W. of Hudson Bay, 
in British North America, and has been actually reaehed by man; Postum of 
whilst the other lies to the South of Tasmania, but, owing to 
impenetrable barriers of ice, has not quite been reaehed, but so 
nearly that its position was without difficulty ascertained by 
calculation. 

Unlike the Oeographical Poles , which are represented by a mere 
point, the Magnetic Poles include a considerable area of the earth’s 
surface, amounting perhaps to 50 square miles. 

“As the magnetism of the north end of a needle is of the 
opposite kind to that of the north pole of the earth, physicists are 
not agreed as to which should be called north magnetism; and it ÄJ|gllÄtte 
has therefore been found convenient to distinguish them by eolour, Poiasritj 
calling the first red, the second blue. The distinction may beijyoäwir; 



First law ln 
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efiaily remembered, by supposing the needle coloured, and from E 
occurring in noRth and in Ked; U in soUth and in blUe 

At the north magnetic pole, the red or north cnd, and at the 
south magnetic pole, the blue or south cnd, of a freely-smpended 
needle, points verticaüy downwards; or in other words, at both 
these places the "dip” is 90 °. 

Here may be staied the first general law in loagnetism—namely, 
that opposite pol es attrart, and mmilar pol es repel euch other 
From which it follows, that if we decide to colour red that end of 
the needle which points to the north, the magnetism of that |>art 
of the earth must be considered as blue. 

Variation of the compass is the angle, measured at the place 
of the observer, between the earth s nearest true and magnetic 
poles. If he be so plaeed in either hemisphere that the true and 
magnetic pol es of that region are in transit, liiere will be no 
Variation. On the other hand, were an observer situ&ted directly 
between tbem, he would have IbÖ^or the great es t possible amount 
of Variation. And here a curious anorualy presents itself Start- 
big from the north magnetic pole, one would have to stcer due 
south by compass to reach the true or geographica! north pole, 
since the needle points not to the true, but to the magnetic pole. 

A com pass needle, perfectly free from the eflects of iron or 
other magnetic substanccj in obedience to the earth's influenae, 
will rest in the plane of the magnetic meridian; or, in other words, 
its red end will point towards the north magnetic pole. The 
angular amount it is pulled to the right or left of this direction 
by the sliips iron is tenned the "Error” or "Deviation of the 
Com pass” The first is the better Word of the two.f It is also 
defined as the angle between the north and south line of the card 
and the Correct Magnetic north and south line. It is to be rr*- 
gretted, however, that some writers— combining Variation with 
Deviation —have defiued "Error” (or lf Total error”) as the angle 
between the north and south line of the compass and theastro- 
nomical or true north and south line; für " this defimtion conveya 
an altogether wrong idea of what the compass ought to do, and is 
not in any respect convenient^ Deviation and Variation arise 
from entirely different causes, and should never bo mixed up with 
eaeli other in this manner. It is possible, by compensation, to 


* C*pUin Sir F. J. Er«,*, K.N\, KLC.B*, F RA 

t Thi^ghout thif*« ß»ßvf, bnth word» *re n-*d imliffereutty to eiptpm ttia «*iut 
♦ Sir W. Thorovnn, 
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free the compass from tbe one, and not from the other. The Effect of 
Deviation or Error is said to be easterly when the north point of 
the card is pulled to the right or east of north Correct Magnetic , 
and westerly when it is pulled to the left or west of nortli Correct 
Magnetic. The confusion which sometimes arises as to the effect 
of Deviation on the ship’s course may be got over ßy standing in 
imagination at the centre of the compass, and conceiving the ship 
to be sailing thence along any desired point to the margin of the 
card. Now, since easterly Deviation pulls the card to the right, 
and the ship follows the card , it is clear that she also is thrown to 
the right, and vice versd . “ Local Attraction 99 is the term used to Local 

express the disturbance of the compass by magnetic influence 
existing outside of the ship, such as may be found in docks and 
other confined water spaces. 

At the earth’s magnetic poles all compass action ceases ; since Oompasa 
there a freely-suspended needle, pointing straight up and down, 
has no horizontal force to give it direction —hence the very apparent 
sluggishness of the compass in high latitudes, and its complete 
useleesness in the neiglibourhood of the magnetic poles. Indeed, 
were it not for the conical shape of the pivot and cap which 
compels the card of a mariner's compass to assume a horizontal 
Position, it would tip over end as the magnetic poles were 
approached. 

Now, if the earth has Magnetic Poles , it has also a Magnetic Magnetic 
Equator . This magnetic equator is a sinuous curve encircling the EquAtor ‘ 
earth, and Crossing the geographical equator in two places nearly 
diametrically opposite to each other, something after the fashion of 
the Ecliptic. One Crossing is on the eastern side of the Atlantic, 
about the meridian of Greenwich, and the other is in the Pacific, 
about the longitude of 168° W. Its greatest divergence from the 
true equator is in Brazil, in latitude 16° S., and longitude 45° W.; 
is next greatest in the Arabian Sea, at a point in latitude 11° N., 
somewhere between Socotra and the Laccadives. 

At all places on the magnetic equator a freely-suspended needle Action offcoc 
takes a true horizontal position; or, in other words, the dip is 0°. 

One might imagine that here would be found the strongest lines Magnetlo 
of horizontal or directive force; but most careful observations BqllAtor ' 
prove that such is not the case—in fact, that of the two, they rather 
evince a preference for the geographical equator. 

To recapitulate:—If a freely-suspended needle be taken to the 
north magnetic pole, its red end will point vertically downwards. 

As the needle is carried south, it will gradually approach a hori- 

Y 
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zontal position, which will be exactly attained on the magnetic 
equator, Proceeding still south, its blue end will next begin to 
dip, and at the south magnetic pole will point vertically down- 
warda. These facts have direct reference to the magnetic change 
which goes on in the iron of a ship, as she alters her magnetic 
latitude in tho course of a voyage, 

The next most important point to be remem bered is the dif- 
ference between a mag net made of hard stcel and one made of 
soft iron, That of hard steel will not reverse its poles, na matter 
at what part of the esrth or in what position it may be held, Its 
magnetic character is absolutely permanent, and will so remain 
even though its red end be directed towards the south, and its 
blue end towards the north, Hard steel displays no particular 
haste to receive magnetism, but, once acquired, it does not Hke to 
pari with it. In this respect it resembles self-taught people; 
their knowlodge—often hard bought—Ls deeply rooted, and abidea 
with them, Not so, how^ever* with soft iron, which possesses no 
independent magnetism of its owa, In its case the magnetism is 
of a purely transient kind, ceasing with the removal of the pro- 
ducing cause, and being just as easily and quickly rcproduced 
with reversed poles in the same bar, 

The experiment may be easily tried with an ordinary kitchen 
poker and a boat s co in pass, Eut, first, it will be necessary to 
explain that a bar of soft iron, if htid in the earth's M Line of 
force,” will instant ly becomc magnetic, though it inay not have 
been so before, Now, what is the earth'a “ Line of force I* It is 
the position which a fr€ely-8U8pended needle—when undisturbed 
by iron—would take up if left entirely to itself, In the fitst 
place, it would point towards the magnetic pole; and, in the 
second place, one end would incline downwards at an angle below 
the horizon corresponding to the 1 ‘ dip ,f at the place, The <f dip ** 
at Liverpool is now about When, accordingly, the poker 

is held in this dircction, it at once becomes magnetic by induc- 
tion—its lower end or point acquiring red magnetism in our hemi- 
Äphere, and its upper end or handle acquiring blue magnetism, 
This may readily be tested by pladng the compa&s near it, If 
held a few inches from the lower or red end, the south point of 
tbe needle will be attracted by the poker; w^hile, if held near the 
upper or blue end, the north point of the needle will be attracted. 
This invisible force, exerted by the poker, is termed M induced 
magnetism /* or 41 magnetism of position” and only reinains so long 
as tbe poker is held in that particular mannen To deotroy it, it 
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is merely necessary to hold the poker in an east and west direc- 
tion, or at right angles to the “ Line of force,” when it will no 
longer appreciably affect the compass. 

This shews that soft iron has no fixed polarity. Percussion 
exercises a marked influence on both the inducing and dispelling 
of this kind of magnetism. If, therefore, the poker be hit a few 
taps with a hammer whilst held in the “ Line of force,” its magnetic 
power will be intensified; and, again, when the position is altered 
so as to dissipate the force, it will be found that the tapping 
hastens that process also. 

Let the poker be once more held in the “ Line of force "—but 
this time with the point up and handle down—it will again be- 
come magnetic; but the blue and red magnetism will be found to 
have changed ends . The red will have shifted its quarters to the 
handle, because it is now the lower end, and the blue to the point, 
because it is now the upper end. Just like water and oil behave 
in a bottle: the oil will unfailingly be found at the top, no matter 
which way the bottle may be held. 

The facility with which soft iron acquires or parts with mag¬ 
netism may be shewn in another way. Take the kitchen poker, 
in imagination, to the north magnetic pole, and hold it vertically, 
point down. The lower end, as before, will acquire “ red,” and the 
upper end “ blue ” magnetism. Holding it still in the same way , 
transport it to the magnetic equator; it will there be entirely free 
from magnetism of any description. Still holding it in the same 
manner , transfer it to the south magnetic pole; it will once more 
be magnetic, but , the lower end will now have “ blue ,” and the 
upper end or handle, “ red ” magnetism. The rapidity of the change 
will correspond to the time occupied on the journey. 

As before stated, this will not happen with a magnet of hard 
steel , whose poles remain unchanged in character, no matter what 
way it is held, or in what hemisphere it may be placed. Keep 
this in mind, as it bears directly upon the behaviour of the iron in 
a ship. 

Thus, in north (magnetic) latitude the upper end of all vertical 
soft iron, such as funnel, masts, stanchions, davits, rudder, stern- 
post, &c., has blue magnetism, and attraets the north end of the 
compass needle. While as the ship sails south, such iron becomes 
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gradually weaker in its effect, and on the magnetic equator—being 
then at right angles to the “ Line of force”—produces none what- 
ever. On the other hand, in south (magnetic) latitude the upper 
end of this same vertical iron acquires red magnetism, and repels 
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the end of the wedle it had previoustg aäracted, doing so with con- 
tinually augmented force as high latitudes are gained. 

Furfcher, be it remembered that in any given locality the mag¬ 
netic intensity of a vertical bar of soft iron, such as the rudder 
post, remains undiminished no matter what mag be the directum of 
the shtp* & head; but its disturbing effect on the com pass depend» 
upon its position relative to the needle, being greatest when at 
right angles to the direction of the needle’s length, and ceasing 
when in a line with it (eee Diagrams Nos, 1 and We have 
now done with vertical iron for the present 

A horizontal bar of soft iron at the magnetic pole has no mag- 
netism whatever, siuce there it is at right angles to tlie u Line of 
force/ 1 It is, in fact, in the sarne h&rmless condition that the ver¬ 
tical bar found itself on the magnetic equator, When taken, 
however, into low latitudes, it gradually becomes magnetic if bept 
pohding towards the magnetic pole , and has its greatest power in 
the virinity of the equator* The red magnetism will always be 
found in the end which points to the north, no matter ivhich, turn 
it about as you may, 

As the south magnetic pole is approached, a horizontal bar of 
soft iron loses force, and at the point of 90° dip, has again ceased 
to be magnetic. In brief; vertical iron is most magnetic at the 
poles, and horizontal iron, held in the direction of the meridiau, is 
most magnetic on the equator. 

Another very marked distinction between vertical and horizon¬ 
tal iron must here be noted, Tbe magnetic intensity of the latter 
depends not only upon its proximity to the equafcor» but on the 
angle it makes with the magnetic meridian, Thus, when held in a 
north and south direction (Correct Magnetic) it is at its best; on 
beiog turned in azimuth it loses power, and when held exactly east 
and west (C3L) has none at all Therefore, unlike vertical iron, 
horizontal iron on board ship has a varying action upon the com- 
pass, depending on the direction of the ship's head as wdl as the 
position of its poles relative to the compass needle, 

This is an important distinction; but there is yet another. 
Horizontal iron produces the same deviation in all latitudes; for 
though its power varics with timt of the earth, the ratio between 
the two is constant; and siuce the first is the disturbing force of 
the needle, and the other the direct ing force, it followa that the 
deviation arising from the inducod nmgnetism of horizontal iron 
is the same st any part of the globe, 

A magnet possesses the peculiar power of producing magneti&m 
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in a bar of iron or steel without loss to itself, and so is capable of By one mag- 

propagating its own species to any extent. Therefore, when try- 

ing experiments with a slice, crowbar, or kitchen poker, it must 

not be placed too close to the compass needle, as the latter, if 

strong, will of itself induce magnetism in the poker when, from 

the position in which it may be held at the time, none would other- 

wise exist. Thus, if a common spike nail be held near one pole 

of a powerful magnet, the latter will first induce magnetism in 

the nail of a contrary name to itself ‘ and then the law which says 

that opposite poles attract each other will come into Operation, and 

the nail in obedience will fly to the magnet. 

In the process of making a permanfent magnet, which is 
variously done by “ touching ” a bar of glass-hard steel with the 
natural lodestone, with another magnet, or by electricity, the one 
under treatment should be surcharged with the magnetic fluid. It 
never, however, retains all its original strength; but, after a while, 
settles down into a certain definite state known as “ the Saturation “Saturation 
point,” which, if the steel be of the proper temper, it will maintain 
for years without appreciable loss, and accordingly gets named a 
permanent magnet. Permanent 

Whatever the process of magnetisation may be, it produces two Maffnet ‘ 
opposite and equal forces in the ends of the steel bar, from which 
it follows that there will be a neutral point about the centre of Neutral polnl 
the bar totally devoid of magnetism of any kind. It is well to 
know this; since, if it be compulsory to put a compass near vertical 
iron, it may be possible to raise or lower it to the level of the 
neutral point, and so render the iron incapable of mischief, so long 
at least as the ship is upright.* 


* Magnetism has recently been used for a very curious purpose, as the following 
acoonnt taken from Chambers*s Journal for Nov., 1880, will shew:—“It is well known 
that in working iron, stich as weiding two pieces together, and even in its manufaetnrs, 
hollow places or flaws occur, with merely an ontside skin over the defective parts, 
which any test but a destructive one would fail to discover. * * * To test the 
homogeneity of the metal, Captain Saxby takes a bar of iron and places it on the 
equatorial line ”—(that is to say, in an east and west direction.— Autkor.) “ He next 
passe» a compass with a very sensitive needle along in front of the bar—the needle, of 
course, pointing at a right angle to it. If the bar is perfectly solid through its whole 
length the needle will remain steady. If, however, there should be a flaw or hollow 
place in the bar, the needle will be deflected as it passee from the solid to the hollow 
place, backward» towards the solid iron ; passing on over the hollow place, the needle 
will come within the ränge of the solid iron at the other end cf the flaw, and will again 
be deflected forward. If the bar be ent through anywhere between these two points 
of deflection, a flaw will invariably be found. Many thousands of pieoes of iron—some 
prepared for the purpose of testing this method of trial, other« in the ordinary course 
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All iron ship may be correctly looked upon as in itstdf a largu 
permanent magnet She became so in the process of construction; 
for, although the materials of which she Ls built are not such as 
by themselves retain magnetism permanent ly, it is foimd that, 
when united in the form of a ship, and aubjected to pereussion by 
rivetting, &a, they acquire this property in a greater or Icäj 
degree. 

After launching and reversal of the ship s head as it was on the 
building slip, the magnetism undergoes very rapid diminution; 
but in no case does it depart entirely, and that which is left when 
the Saturation point isreachedis accordinglystyled Sub-permanent. 
So far there is a great correspondence bctwcen the sliip, taken aa 
a whole, and the steel magnet. 

It is evident that the poeition of the pol es of the ships Sub¬ 
permanent magnetism must depeud—first, upon the direction uf 
her head when building ; and, secondly, upon the " dip n at the pari 
of the world in which she was built, If, for example, a ship 
were built at the North Magnetic Pole—direction of her head in 
this case immaterial—her magnetic Constitution would be shewn 
by diagrani No. 3* 

If built on tbe Magnetic Equator (head North), Diagram No. 4 
would represenfc the state of afiairs. 

Biagram No t 5 represents a ship built at the South Magnetic 
Pole, and in this case also the direction of her head would not 
signify: and Biagram No , 6 shews oue bullt at Liverpool—head 
South, 

Endless diagrams xnight be drawn to shew the eflect of the 
combination of geographical position, with the direction of the 
ship's head at time of building, on her Sub-permanent magnetic 
charaeter, but the foregoing are sufficient to illustrate what is 
meant; and the reader, having m&stered the principle, can draw for 
himself any special case he may desirc, 

We have uow shewn that the compasses of a ship are acted upon, 
first, by her general magnetic character, which, so to speak, was 


of burineu^hive Wen operated upon with the same unvarym^ Foult, Cmptiin 
hu ctUed Ui hi» uiiiUßG® Niritire, who never makca miiUke» io her operAtionn” 

NoU i—The writer of thu mrtiole hu tu «de a tniatuke io giving Mr, S«*by the UtU 
of CepUin. He wu Principal Imtructor of N*val Engineer» m Her Mvjwty'c Skum 
Reserve, und nt oo taue belonged to the Executive branch uf the service. Hy w*j 
of Light «od pleuAOt rudiog, »aLlura would du well to Uke lhe jnuouü just ijUäUxt 
H oontsitu sUo the lateet scientific “ tips 11 ou all lubjecl*. 
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born with her, and secondly, by the induced magnetism of indivi¬ 
dual masses of vertical and horizontal iron. 

The general magnetism, after a time, becomes stable in arnount, stawnty 
irrespective of geographical position, and the colour of its poles permanent 
is not subject to change; the induced magnetism never becomes Magnetism. 
so, and the colour of its poles depends, in the case of vertical 
iron, upon the magnetic latitude the ship may be in at the 
moment; and in the case of horizontal iron, upon the direction of 
the ships head. 

Although the Sub-permanent portion of the ship’s magnetism 
remains constant in all latitudes, its effect upon the needle is very 
different. Near the equator, the horizontal or directive force of the Varyingeffect 
needle is at its best, and, accordingly, it is then most fit to resist p^U^ent 
the disturbing pull of the fixed portion of the ships magnetism Magnetism. 
just referred to. But, as we know, the needle loses its directive 
force as polar regions are approached, and, consequently, at such 
times comes more and more under the domination of the ever 
vigorous Sub-permanent magnetism. It is consequently necessary 
to compensate these various effects by means suitable to each . 

The Permanent portion of the ship’s magnetism, which causes Duty of Steel 
Semicircular or Polar deviation , is compensated by steel magnets , Ma * netfl * 
whose magnetism is likewise permanent; and that part due to 
induction in vertical iron, which gocs and comes with change of 
latitude, and likewise causes Semicircular deviation, is compensated Dnty of 
by vertical bars of ordinary wrought-iron, which similarly become 
magnetic by terrestrial induction, and are influenced in a corres- taf* 
ponding degree by such changes of latitude as both may be 
sxposed to. 

Another part of the ships magnetism, namely, that arising from 
the induction of hoHzontal iron, produces Quadrantal deviation— Quadrantai 
which, as before stated, is the same for all latitudes, and is com- de7lati0,L 
pensated by horizontal cylinders of soft iron. These are usually 
cast. 

The correct principle, therefore, to go upon in adjusting com- 
passes appears to be that “ Like eures like,” when applied on the 
opposite side to the disturbing influence. 

The many diverse causes shewn to operate on the compass at 
one and the same time, combine in producing a certain sum total 
of effect, but as these forces do not always act in harmony either 
as regards direction or arnount, it is clear that their joint effect 
cannot be compensated by any single magnet whose power is the 
same at all times and in all places. Here the knowledge of the 
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skilled com pass adjuster comes in, as by certain mathematieal ru Im, 
by ho means diificult of attamment, be is able to analyse the inag- 
netic character of the ship, apportiou to euch lind of deviation its 
proper value, and apply the right kind of remedy. 

To distinguish Quadrantal from Semicircular deviation is qttite 
easy, but to separate that pari of Semicircular deviation causvd by 
vertical iron, from that part whieh is produeed by the ships Sab - 
permanent magnetism, is a tnore difficult task by far ; yet, in 
vessels continually clianging their magnetic lstitude, Uns is of the 
highest importance, 

To adjust a com pass, it is necessary to put the ship s head oo 
two adjacent Cardinal points, such as North and East; also on any 
one of the fonr principal inter- Cardinal points, such as N.IL 

The Deviation (semicircular) existing when tbe ship’s bead is 
either Nortb or Soutb, is causecl by the attraction of the port or 
starboard side of the ship, according as tbe attraetiug pole of her 
magnetism lies to one side or tbe other, and is compeusated by 
steel magnets placed athwartshipa The com pass beiog placed in 
the midsbip fore-and-aft line of tbe veesel, and the iron on euch 
side of it being in general crjunlly and symmetrically distributed, 
there is no oecasiön to compensäte the induced magnetism of ver¬ 
tical iron, as that on the port side counteracts that on the star¬ 
board side. 

In a ship built either due Nortb or South, the poles of her 
Sub-permanent magnetism would exist in the bovv and stern, ten- 
dering th wartahip magnets unnecessary, as tliere would Im* no 
deviation on either of these two points; that is, supposing tho 
iron on each side of the compass to be the same in amount and 
position, # The only effect would be to increase the diroctive force 
of the necdle when the ship's bead was on the opposite point to 
that on whicb sbe bad been built, and to diminish it when on the 
same point, 

When the sbip's head is either due East or West, tbe Deviation 
(semicircular) is eaused by the attraction of the bow or stern of 
the vesscl, according as the attraetiug pole of her Sub-permanent 
magnetism lies forward or aft, and according to whether the 
great est effect of vertical iron is found be/ore or abaß the comjmss, 
The compcnsation in this case is cflected partly by steel magnets 
placed fore and aft, and partly by a vertical pillar of wrought-iron* 


* Whap, un tho titbcr haud, m aopipua U flm&ked by ft donkey boüer, or the iron 
pedoaUl of ftn ongnno-rooiu teJegr*j>h ou tho bri+jfe, componsAtion on the North mxä 
Buuth jHimU would be uecewAry, 
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In a ship built either due East or West, the poles of her Sub- 
permanent magnetism would lie to starboard and port, rendering 
fort and aft steel magnets unnecessary , as there would be no 
Deviation from this cause with the ship’s head on either of these 
points, and the rule as to the directive force of the needle would 
be the same as before. 

It is seldom or never that a ship is built with her head exactly Knowledge 
on one of the Cardinal points, so that both fore-and-aft and 
athwartship magnets are almost invariably required; and when acquainted 
the compass is so placed as to be free from the effects of vertical J? 
iron (which, now-a-days, is seldom the case), it is possible, by com- onJgtfMiig 
paring the natural deviation on the north and south points with 
that on the east and west, to determine pretty accurately the 
direction of the ship’s head at time of building; or, knowing this 
latter and the natural deviation on north and south , it is possible 
to determine how much of the deviation on east and west is due 
to sub-permanent magnetism , and how much to the induced mag¬ 
netism of vertical iron . This Jcnowledge is very important * 

When the ship’s head is either N.E., S.E., S.W., or N.W., the onadrantal 
remaining deviation (quadrantal) is got rid of by cylinders, or, Co ™ ctorB * 
better still, by hollow globes of east iron, placed on each side of 
the compass bowl. The athwartship and fore-and-aft magnets 
are usually, but not necessarily, placed on the deck below the com- how to tfaoc 
pass. Sometimes it is more convenient to place them on the deck mm * n6U * 
above f or on a bulkhead, or inside the binnacle itself. In reality, 
it matters not whether they are placed above or below the com¬ 
pass, so long as the middle of the magnet’s length is in the vertical 
plane, passing fore-and-aft or athwartships—as the case may be— 
through the centre of the compass card. (See Diagram No. 7.) 

On no account are Steel magnets to be applied end on to the 
compass, neither should they be placed vertically, excepting the 
one used for correcting the heeling error. Therefore, athwart¬ 
ship magnets must be placed either before or abalt the compass, 
and fore-and-aft ones to starboard or port. 

It is preferable to use large magnets at a considerable distance, ssm of 

than small ones close to. The rule is, that the magnet should not 

° distanoe fron 

- ----card. 

* Hulf) i Enter tbe traverse tables, with the correct magnetic direction of the ship’s 
head at time of bailding, as a course. In the departnre column look for the nnmber 
oorresponding to the deviation on north or south, and against it in the latitnde 
oolamn will be found the valae of the sub«permanent magnetism on east or west, 
which, subtracted algebraically from the quantity actually observed on one or other of 
these points, will leave the amount due to vertical iron. 
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be nearer to the centre of the card than twice its own leiigth ; 
thus, a 30" raagnet should not be within 5 feet, But aome are 
so weak that at this distance their eflect would be next to nothing. 
Well-made magaets of equal size will sustain eaeh othcr’s weight. 

The east-iron cylinders or globea—on suit&ble brackeU-—are 
placed on er*eh side of the bowl, so that their eettirts may be om 
nearly as possibte on the same level as the compass needles, and 
that a horizontal th wartsin p line througb the centre of the card 
may pass througb their centres also. (See Diagram No, 8 .) 

The wrcmght iran vertlcal pillar is generally frora 3 to 4} 
inches in diameter, and of such a length that, when secured in \u 
place, the upper end may be about 2 inches or so al>ove the level 
of the card. It is more usually placed on the fore mle of the 
com pass, and exactly in a direct fore-and-aft line with the centre 
of the card ; but cases may arise where the balanoe of effect of the 
ßhip s vertical iron lies itself on the fore side of the Compaq in 
whicb case the compensating pillar might have to be placed on 
the öfter aide. The rule is sirnply this—tliat tbe pillar must be 
placed so that the pole on a level with the com pass card may be 
of such n name as will counteract the pull of the ship’» vertical 
iron; and to accomplish this, the pillar may be placed in various 
positiona, being sometimes on the samo and sometiraes on the 
opposite side to the force it is intended to com pensa te. Occasion- 
aüy it will be found necesaary to holt it to the deck overhead 
{as in a wheelhouse), so that its lower end may bang a couple of 
inches below the level of the card. A good e sample of this kind 
of adjustment is ahewn facing page 354. 

In the Admiralty method of adjusting the sub-permanent mag* 
rietism, only one magnet is used. This is placed horizontal ly 
with the middle of its length exactly under the centre of the 
card, at such a distanco from it, and at such an angle with the 
£ore-and*aft line of the ahip as will produca the desired effect. 
The explanation of its action is simple ;—it is nierely the resuliant 
of the forces whicb affect the needle when two magnets—one 
athwartships and the other fore-and-aft—are employed. 

This is a very elegant method, but somewhat more difficult than 
the onlinary oue in vogue on board merchant vessels, For de tat h 
see Bettford’ b Sailors Pocket-book, p. 45, 3rd Eil 

When intending to adjust, choose a fine day with sraooth water, 
providö a imtnber of eteel inagnets of various sizes,* and mark 

* Mogln t» für um an bu«nl «hip *re uia*lly RuJderml in witertight cajci of 
to protaet tbeir* from rtutiiig. 
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their centres. Hold them one by one near a compass, and a 
couple of inches or so of that end which attracts the north end of 
the needle, paint blue, and the other end, red. 

It will also help matters to tint red the northem semicircle of 
each compass card, and its Southern half blue. This can be done 
with the ordinary coloured pencil. It will do no harm to allow 
it to remain so always, and, indeed, compass cards might with 
advantage be coloured this way by the makers in the first 
instance. 


Plumb under the centre of the compass, draw on the deck two 
chalk lines, one fore-and-aft, and the other athwartships, as 
represented in Diagram No. 7. In the case of a wheelhouse 
compass, do the same on the underside of the deck overhead. 
We will suppose the vessel to be at sea, and that it is intended 
to use the bearing of the sun.* Work up the position from last 
observations, and set your hack watch to Apparent Time at Ship, 
as explained in the chapter on the Pelorus. Take out of the 
“ Red book ” the sun’s true bearing for every four minutes of the 
time during which you will be occupied adjusting, and convert it 
into the Correct Magnetic bearing by applying the Variation 
at place, taken from the Variation chart, and duly corrected for 
annual change, which latter in some parts of the globe is too large 
to be neglected. Write down neatly, in a small pass book, these 
Correct Magnetic bearings and corresponding times. 

To find the Correct Magnetic bearing from the true, you must 
apply westerly Variation to the right, and easterly to the left. 
Tlius, if the true bearing be East, and the Variation two points 
westerly, the Correct Magnetic bearing will be E.S.E. 

If a steamer—take in all sail, trim her perfectly upright by filling 
the boats with water or otherwise, slow the engines so as not to 
waste coal, provide copper tacks and a hammer, and see that the 
lubber-linee of the compasses to be adjusted are truly fore-and-aft. 
Place the Pelorus in one of its Stands—near to the man at the 
wheel, if possible—and appoint an officer who has some “ Nous,” 
and is thoroughly familiär with the instrument, to put the ship’s 
head as required, whilst attending yourself to the compasses. 
Begin with the Standard, being the most important, and leave the 
Steering compass to the last; although there is no reason why its 
deviation on the various points, as the ship goes round, should 
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* The writer, many years ago, using the moon for this purpose, adjusted a new 
■teamer at night in the Sanderland Dock. 
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not be noted by an other officer. All being ready, let tbe lubbei a 
point of tbe Felorus be eacured at North, and the sighl vanea 
clamped to the suns Correct Magnetic bearing, tben starboard or 
port tbe beim until tbe suns retieeted iniage ia seen in tbe specu- 
lum or mirror fairly bieected by tbe thread of the vane. 

The vesseFa head will now be North Corr > Mag*? —timt is tosav, 
in the directum of tbe north magnetic pole, as would be imlicateJ 
by a well-raade compass in a wooden ehip without a particle of 
iron on board, either in her construetion, equipment, or carga 
If, now, the com passes were correct, they would agree with tbe 
Pelorns in shewing tbe ship’s head to be Nortb; if, however, in- 
fluenced by the Iron of the ship, they fail to do so, the amount 
each differs from it will be tbe Deviation due to tbat particular 
com pass on (hat particular course . 

Accordingly, i£ the north or red end of the com pass-card be 
attracted—say three points to starboard—the ship's head will 
appear N.W. by N. by com pass; or in other words, the deviatiou 
will be three points easterly (+)■ To counteract thia blue attracT 
ing force of the Sub-permanent magnetism on the starboard side, 
place athwartship on the deck—either before or abaft, above or 
below the com pass, as mosfc convenient—a steel magnet, with its 
red. end to starboard, and, consequently, its blue end to port of tJw 
compa&a. The red end of the magnet will of course repel the 
red end of the needle from the starboard sidc, and be aided in 
doing so by the equaüy strong attractive force to port of the blue 
end of the maguet 

To avoid setting up a awinging motion, let the mngnet at first 
be placed a considerable distance from the composs—say four or 
five feet—and put its centre mark exactly on the fore-aod-aft 
chalk line. Then move it gradually closer, uutil the ships head 
is Nortli by the caril 

The pull of the starboard side will now hnve been neutralized 
by the combined action of the poles of the maguet, which may be 
lightly tackod down in its place. This is shewn in Diogram No, 9. 
Adjust each of tho other com passes in a similar manuer, placing 
the red or repelting end of the correcting magnet to starboard or 
port, according as the north end of the compass-needle is attracted 
to starboard or port by the ship. If one magnet fae insnfficient to 
correct the Deviation, apply another—putting it, if possible, on 
the opposite side of the coinpass to the first; or, if tbe first be on 
the deck under the com pass, the second may, if desired P be tacket! 
tu the deck aboiv it But in everg case similar wlours mud 
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point in the same direction> or they wovld neutralize each other . 
All this time the officer at the Pelorus—duly provided with watch 
and pass-book—is altering the setting of the sight vanes for every 
half degree of alteration in the sun’s bearing, and is conning the 
ship with smaü heim, so as to keep her steady on the North point 
(C.M.), signalling by whistle whenever she is exactly so. 

Having taken a second look at each of the compasses, and made 
any little alteration which may be required, screw the lubber line 
of the Pelorus to East; and, keeping the vanes set to the sun’s 
clm. bearing, bring the ship’s head round with port heim until 
the 8un’s image is once more seen in the speculum, and steady her 
carefully on this fresh course. The various compasses, if correct 
on this point, ought also to show the ship’s head as East. Should 
they fail to do so, the difference is the Deviation, which must be 
corrected partly by fore-and-aft magnets of steel, and partly by 
the upright iron pillar. 

The means taken to determine how much is to be corrected by 
one, and how much by the other, will be shewn further on; in 
the meantime, imagine half the deviation to be corrected by the 
pillar, and half by the steel magnet. If,now, with the ship’shead 
at East (C.M.), the needle be drawn two points towards the stern,* 
the ships head by compass will be RS.E. To counteract this, 
place a steel magnet fore-and-aft ways, either to starboard or port 
of the compass, with its red end also towards the stern, and centre 
mark on the thwartship chalk line. Move it slowly towards the 
compass tili half of the westerly Deviation is corrected. The 
ship’s head will now be E. by S. by compass. Next place the 
upright pillar forward of the binnacle at such a distance as will 
cause the ship’s head to appear due East, when it may be securely 
bolted down to the deck. It is preferable, however, that the 
lower end of the pillar should be let down some distance through 
the deck, and rest either on the one below, or on some firm Sup¬ 
port provided for the purpose. The object is not only to intensify 
its power, but to keep the lower pole of the pillar from being so 
near as to counteract the opposite effect of the upper one. The 
compass at this stage is shewn in Diagram No. 10. R Stands 
for the rudder post, which in this case is the active vertical iroru 
and P for the pillar which is intended to counteract it 


* When speaking of the needle being attracted or repeUed, ite north end ia aiwaya 
meant, onleea otherwise epecified. 
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VOM PENSATWG THE QUADRANTAL ERHÖH 


The Semieireular deviation of all the com passes is now correcteA 
We have still, however, to deal with the CHtadrantal. 

Put the ships head by Pdorus on any one of the four principe! 
inter-cardinal points—say N.E. corrcet magnetic. In 99 ships 
cmt of 100 the compasses will exhibit EaMerly Deviation on this 
point, amounting to as rnuch sometimes m 10° or 12*. Shoukl 
this he the case, a cast-iron cylinder or globe must be placed od 
each side of the compass-bowl, and moved nearer to or furthei 
frora it, tili the ships head points correctly to N.E, by compm# 
also. 

This adjußtment, once properly mode, does not reqmre touching 
ever after, unless, indeed, the ship were to load a cargo of iron, or 
some alteration made in the iron-work near the comp&ss, 

The ends of the correetors must not, however, be nearer to the 
centre of the card than 1 { tiines the length of the longest necdla 
They effect their purpose by becoming magnetic by terrestrial 
jnduction. For example, with ships head N.E., their pari ends 
exhibit red roagnetism, and in this position compensate easterly 
Deviation; but on turning the sbip round to N.W., their siarboard 
ends acqnire red magnetism, and in this fresh position compensate 
westerly Deviation, Chain boxes, though in very common use for 
this purpose, arc not to be recommended, The best corrector of 
Quadrantal Deviation is a eouple of hollow cast-iron globes or 
shells, the introduction of which, like many other fchings sailors 
have to be tbankful for, is due to Professor Sir W, Thomsou. 

Here may be mentäoned i neiden tal ly a curious and often-tiuies 
important fact with rcspect to all hollow iron bodics, whether 
globular or square, such as water-tanks, &a—namely, tliat as soon 
as the thickness of the sides lias reached to T V of the thiekness of 
diameter of the whole body, the magnetic effect is the same as if 
the body were a solid pieco of iron, 

The compass is now shewn fully adjusted in Diayram No* II* 
Semiovrciilav Deviation is so termed because it has the contrury 
name and tnaximum value in opposite sernictrcles —thus, if it is 
easterly on North, it will be westerly on South. On the other 
haud, Quadrantal Deviation is so termed because it is greatest on 
the four inteT -Cardinal points. It hm the same name in oppmüe 
quadrants , and the contrary name in adjacent ones:—thus, if it 
is easterly on N.E., it will be easterly on S.W. also, but westerly 
on S.E. and N,W. So you see the two kitids of Deviation are 
vastly different 

Steel fore-and-aß magnets produce their greatest effect on East 
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and West, diminishing to nothing on North and South, when they 
become parallel to the compass needle. A vertical iron pillar Variable 
placed on the centre line before or abaft the compass acts in the pSa^eeiUeof 
same way. Steel thwartship magnets produce their greatest 
effect on North and South, diminishing to nothing on East and 
West, when they become parallel to the compass needle. 

Quadrantal correctors produce their greatest effect on N.E., variable 
S.E., S.W., and N. W., tapering off to nothing at North and South, 

East and West. When the ship’s head is on North or South (C.M.), Correctors. 
the poles of cast-iron cylinders, being at right angles to the “ line 
of force,” are powerless to affect the compass ; and when the ship’s 
head is on East or West (C.M.), though the cylinders are then 
magnetic, they cannot affect the compass, as their poles are paral¬ 
lel to the needle. In the case of cast-iron globes, their magnetic 
poles are parallel to the needle on all four of the last-named 
points, but the effect is the same as with the cylinders. 

Any one following out this System of compensating magnets, 
with their ever varying effects, cannot but be struck with the 
beauty of the arrangement which permits of so many discordant 
elements being made obedient to natural laws. 

When the process described above is accurately carried out, and 
the compasses well made and properly situated, they will be 
nearly correct on every point. Nevertheless, it is prudent to 
steam the ship completely round, steadying her on every fourth 
point by Pelorus, to determine remaining errors. 

Then, should any compass be found to have considerable devia- 
tion—say 4° or 5°—on the opposite points to those on which it has 
been adjusted, halve the error between the two . If, for example, you Final 
find a compass correct on North, but 4° out on South, move the ° 0rrd0tt<mÄ ’ 
thwartship magnet so as to reduce the error on South to 2°, which 
will, of course, cause 2° of error on the North point also. When 
necessary, do the same on the West and S.W. points likewise. 

After which, swing ship for a table of remaining deviations on 
every second point. When this inequality occurs, it shews tliat 
the ship’s iron is not symmetrically distributed round about the 
compass in question. 

Having finished up, resume Course, nail the magnets down for 
good, and cover them at your leisure with neat cases of hardwood. 

If the operator knows what he is about, adjusting in this man- 8ea Adjnst- 
ner should not occupy more than from two to three hours, and is “ en * 
worth a hundred swingings in a close dock, where there is pro- Dock Adjmt- 
bably any amount of Local Attraclion by cranes, bridges, roof 
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girders of sheds, water pipes, &c., not to speak of other iron vcäscIs 
round about 

Few people are alive to the fact that in high latitudes eveo a 
wooden tugboat may be a source of trouble to the compass* if, 
when fast alongside, the upper enrl of the funnel, as will probably 
be the case* is about the level of the bridge or Standard compasses, 
and not many feet from them, An instance of this occurred not a 
month sioee in Queenstown harbour, when the Standard com pass 
of this ship was affeeted to the extent of 3° by the f mittels of the 
passenger tender, Thus an apparently trivial cause might lead to 
serious results, and shews the nocessity for being continually on 
the alert 

It is now necessary to go back a little, and explain the manner 
of gctting at the correct amount of Deviation to be compensated 
by the vertical pillar of soft iron. When the ship's head is either 
East or West, any deviation then existing armes partly from Sub¬ 
permanent magnetism resident in the bow and stern (which mu>t 
be compensated by a permanent steel nrngnet), and partly from 
the induced magnetism of vertical iron predominafcing more at 
one end of the ship than the other* This latter must be compen¬ 
sated by a like cause applied in the opposite directiom Thus, if 
vertical iron situated abaß the com pass pulls the needle towards 
it, another piece of vertical iron can bc put forward of the com- 
pass to pnil it back again; or it may even be placcd abaß the 
com pass, on the same side as the disturbing force, if the deck 
fittings will permit of its repellhig pole being placed on a level 
with the card, 

It has been shown that on the Magnetic Equator vertical iron 
ceases to be magnotic, and is consequently powerleas to affoct the 
compass. If t ihm, the Deviation be asceiiained on the Cardinal 
points when die ship is on the Magnetic Equator, Ü is certmn 
that ii rnnnol be dm to xtertical iron. It must hc owing either to 
Sub-permanent magnetism, or to Ddentive magnetism, to be ex« 
plained hercafter, For the present let us assuine that it is 
Sub-permanent only, and correct it by a steel magnet; wluch being 
done, let the vessel proceed to high latitudes, and let the Deviation 
be again determined. Then, that arising from Sub-permanent 
magnetism having al ready been cured on the equator, and being, 
morcover, when compensated, not scnaibly atfected by chaugo 
of geographical position, wo know that whatever now exists 
is principally due to vertical iron, and should therefore be cor« 
rected hy a vertical iron pillar, applied as al ready explainod. 


■ 
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In practice, the experiment on the equator is only tried on the 
East and West points, as vertical iron, from its symmetrical 
arrangement in the ship, seldom disturbs the compass on the 
north and south points. 

Again, supposing a vessel to have been built with her head due Effect of »hip 
North: this will have constituted her a Sub-permanent magnet, 
whose axis lies exactly fore-and-aft, the bow being the red, and 
the stern the blue pole. When such a ship is placed head East, 
the red bow repels the needle, causing westerly Deviation; and 
unless she proceeds to the Magnetic Equator, there is no way 
of telling how much of it arises from the cause just mentioned, 
and how much from the induced magnetism of vertical iron.* 

On the other hand, suppose the ship s head to have been due Effect of ahlp 
East when building, then the entire port side would be Sub-perma- htaA 
nently red, and the starboard side blue. Now, what Deviation 
would this cause when the ships head was East or West at any 
after time ? None whatever ! Since the poles of the ship’s Sub¬ 
permanent magnetism and the needle itself would lie in the same 
straight line, the only effect would he to diminüh or increase the 
directive force of the needle. Nevertheless, on trial, there is found 
to be large Deviation on these points. If so, it must be due to 
masses of vertical iron situated either before or abaft the compass, 
according to the direction of the pull, and is capable of easy eure 
by one or more upright pillars applied in the proper manner. 

There is another point in Connection with the diminiehed Diminlshed 
directive force of the needle which should not be overlooked; 
namely, that when the ship is steering in the same direction as fliuggteh 
that in which she was built, the compass, when uncompensated , CompÄBae, ‘ 
'will be both sluggish and fickle. Therefore, every master of an 
iron ship should endeavour to learn in what direction his ship was 
built, and, when sailing on that course, be more than ever on his 
guard against the seemingly mysterious pranks of his compass. 

The forward wheelhouse compass of the as. “-” com- Exampie of 

manded by the writer, from its extremely bad Situation, affords a 
good exampie of difficult compass correction. Previous to adjust- Adjustment 
ment, this compass—although an excellent 12" liquid one, by 
Cairns of Liverpool—had enormous natural deviationa Diagrams 
12 and 13, drawn to a scale of 0"*3 to the foot, shew the steps 
taken to correct it. 


• This is the extreme esse (never likely to occur), which is put to give more point 
to what follows. Ordinarily, the rule given in the footnute on page 845 would be used. 

Z 
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DIFFICULT BUT INSTRUCTIVE CASE, 
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From the very close proximity of the mainmast, which acted 
as a powerful magnet, it was evident from the outset that strong 
measures would have to be taken with this compass. Experiment 
shewed that, at the level of the card, which was below the “ neutral 
point ” of the mainmast, the latter had north or red polarity, and 
exerted a strong repellant action on the needle. 

In due course the ship was swung, and her natural deviation» 
carefully ascertained all round. Having been built with head 
N. 68° E. (c m.), the deviation on north should have been twice 
and a half as much as that on east, were the compass undisturbed 
by vertical iron * Knowing what it actually was on both these 
points, it became a comparatively easy matter to roughly separate 
the Inductive from the Sub-permanent Accordingly, two round 
bars of wrought-iron, each 4" in diameter, were used to counteract 
the mainmast. The after one—48" in length—was let down 
through the top of the wheelhouse, and the other— 42" in length— 
was bolted to the deck just abaft the mast. 

It will be noticed, on looking at Diagram No. 13, which 
represents the ship’s head in an easterly direction, that the north 
end of the needle was forcibly repelled by the mast Now the 
upper end of the vertical pillar between the compass and the 
mast strove to pull it back again, and in this it was aided by the 
lower end of the pillar abaft the stcam-steering wheel, which 
repelled or pushed it back in the same direction. The distunce 
of these pillars from the compass was so arranged, that when in 
Position, they about compensatod the deviation due to the in¬ 
ductive magnetism of vertical iron; the remaining deviation on 
the east and west points was corrected by two 10" steel magnets, 
taeked on fore-and-aft ways to the under side of the deck aboi* 
the compass. The deviation on the north and south was com- 
pensated by one 30" thwartship magnet taeked on to the outside 
of the forward bulkhead ; and the Quadrantal deviation (10°) by 
two cast-iron cylinders with globular ends, something likc the old- 
fashioned clock weights, each being 12" long by 3J" in diameter. 

This formidable array of magnets reduced the huge errors of 
the compass witliin more manageable bounds, but afterwards, 
when at sea and the ship listed over, the heeling error was exces- 
sive, and had to be compensated in the usual way, by a vertical 
siecl magnet, placed exactly under the centre of the card when tlie 
vessel was upright. Two iron Ventilators marked V were also 
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removed. Nevertheless, this compass was extremely wild and 
fickle during the first and second voyages, and although it after- 
wards behaved somewhat better when the ship’s magnetism 
had settled down, it could not be said to give very satisfactory 
results at any time. Of course the builders should never have 
placed the wheelhouse in such a ridiculously unsuitable place; 
but being there, and no way of improving matters shorb of put- 
titig in a wooden mainmast, it was necessary that the Captain 
should know how to make the best of a bad job. 

The reader will perceive, from the very unusual character of the 
conditions named, that in the case just quoted, the amount of 
deviation to be compensated by the wrought-iron pillars coüld 
only be approximately inferred; and it is probable that, if ever this 
ship gets down to the Magnetic Equator, some little alteration of 
these arrangements will be found ad visabla 

To avoid confusion of ideas, it has been considered wise to leave 
for separate consideration that part of theshipsmagnetism which 
is known by the term " Retentiva” It plays, however, a very 
important part in the deviation of compasses, and will be found 
to modify to some extent what has been said in the previous 
pages. 

It has been stated that when the kitchen poker is held in the 
“ Line of force,” it instantly becomes magnetic; or more correctly, 
that the latent or dormant magnetism within it has undergone 
excitation when held in that particular manner. This statement 
is correct so far as it goes, but it is necessary to Supplement it by 
saying, that the longer the poker is so held, the more magnetic it 
becomes—up to a certain point Again, when the poker is held 
at right angles to the “ Line of force,” it loses its magnetism; but 
if it has previously stood for a long time in the “ Line of force,” it 
will not lose it instantaneously, but will require a longer or 
shorter period to get rid of the magnetic Charge, according to its 
intensity, and the quality of the iron in which it was excited— 
soft iron parting with it more readily, and vice versa. 

Now this is just what happens when a ship’s head has been in 
one direction for a long time. She becomes temporarily mag- 
netised by the earth’s inductive force, and this action is intensified 
by the sea striking her; and also, in the case of a steamer, by 
the tremor imparted to the hüll by the engines. The poles of 
the magnetism are of course parallel to the Magnetic Meridian. 
Thus, if the ship sailed duc south for a week or so, her stern 
would acquire red and her bow blue magnetism—the new Charge 
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being superimposed on what may bc called ihe ship’s natural 
magnetism, and, to a cert&in extent, imsking it, 

** Retentive" magnetism remains for a considcrable time after 
tbe cause is removed—frequent ly for days—unless the direction 
of the ship s head be exactly reversed, when it goes more quiek ly, 
giving way to the opposing influence of the magnetism proper to 
the new direction of the ship'a head 

Tins is a mast important phase in the magnetic character of a 
ship, and any one who cbooses to investigate it will see, th*it for 
this reason alom an Adjuster’s DeiiaUon Table is comparatively 
worthless. Thus, if a ship had been laying np in a dock—say 
head south for several montha, or eveu weeks—and was then 
most carefully adjusted, and replaeed in her original berth to 
load for sea, but with her head in the reversed direction, it would 
be found before sailing that her compasses had comparatively 
largo deviations, though when tho adjuster left the vessel a fort- 
night previously they were practically free from error* Every 
one entrusted with the navigation of an iron ship should keep 
this fact continually before htm* The immediate effect of He- 
tentive magnetüm upon the com pass of a ship at soa is t<i cause 
her, on a change of course, to devicUe invariable/ in the direction 
ofthe last one, If a vessel has been steering—let ua say South- 
for some time, and is then hauled-up West, it will be found that 
the deviation previously existing ori that point will be increased 
if it has becn westerly, and dirainUhed if easterly— the chan^ 
frequenthj amounting to a point and upwards; so that, uuless allowed 
for, she will infallibly be tbrown to the south ward of her intended 
course, Even in shaping a fresh course, differing only a coupla 
of points from the last one, this propensiiy of tbe cotnpass must 
be taken into account according to eireumstances, as it vmries much 
in different ships, and in different compasses on board the satne 
ship* 

As an Illustration, we will take the case of the lines of steomers 
running constantly between Liverpool and New York or Fhila* 
delphia On the out ward passage these vessels havo their hmtU 
in a westerly direction for upwards of a week, and cousoquentiy 
the pol cs of tbeir HeLentivt magnetism lie to star board and port— 
tbe red pole on the starboard, and blue pole on tho port stda 
The tendency 011 subsequent northerly courses will be to throw 
tbe ship to the westward* Thus, entering New York Bay bj 
the south channel, the Swash Range Light« come in one beamig 
N. 40" W. (c.M,); but if, when in one, tho vessel be ateered 





ALLOWANCE FOR RETENTIVE MAGNETISM. 


357 


directly for them, the direction of her head by compass will 
probably be about N. 33° W., or even more to the northward. 

The same effect will be still better shewn when hauled up for 
Fort Hamilton. The course, keeping the Range Lights in one 
astern, is N. 13J° R (C.M.), but the chances are in favour of the 
vessel having to steer about N. 23° E. by compass, or, at all events, 
considerably to the eastward of the proper course. 

The same thing occurs in the Delaware. From Cape Henlopen 
to the Brandywine Lighthouse, the course—keeping the ranges 
in one astern—is N. 2J° W. (c.m.) : it is quite common, however, 
to steer about N. 12° R by compass.* 

On the homeward passage, these steamers, having had their Effect of 
heads to the eastward for a week, get magnetised in the opposite j, 

direction. It is the port side which now has red magnetism; and, Cbannel 
in consequence, when hauled up at Tuskar for the Skerries or 
South Stack, instead of steering N. 58° E. (c.m.), they have gene- 
rally to shape a compass course many degrees to the northward. 

As the effects due to Crossing the Atlantic are about equal, going How to oHmt 
and coming, it is not a difficult matter to adjust the compasses 
with accuracy for the ship’s Sub-permanent magnetism on the 
North and South points. If, for example, outward bound, with 
head North by compass in the Delaware, the deviation is found to 
be 8° westerly ; and homeward bound, with head North outside 
Queenstown, it is found to be 20° easterly —the amount of Sub- 
permanent magnetic attraction to be compensated by the thwart- 
ship magnets is 6° easterly. Accordingly, at one or other of these 
places the magnets should be moved to shew 14° of deviation— 
westerly in the Delaware, easterly at Queenstown; and this amount 
would then be solely the effect of Retentive magnetism, which 
would quickly disappear if the circumstances producing it were 
reversed. 

It is evident that were it due to Sub-permanent magnetism, 
it could not, on the same point, be easterly at one time, and 
westerly at another. But, in making these observations and 
corrections, do not forget that the ship must be perfectly upright, 
or the resvXts will be vitiated . From half-passage over either 
way, it will be easy to adjust on the East and West points, as by 


* In Trans-Atlantic Steamers it is a good plan to have one of the deck compasses 
adjosted for the American port freqnented, and another for the English port. The 
writer keeps his Bridge compass adjosted for the Delaware inward-boond, and the 
Standard or Navigating compass for the Irish Channel, outward-bound. 
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that time the Retentive raagnetism due to stecring fcowards the 
North or South will have disappeared 

No possible amount of care or scientific knowledge in an adjuster 
can provide against Retentive Magnetiam. There is f however, on© 
_ dodge by wliich its effects can, in sorne minor dcgree, be modified. 
In thoso regulär litters ahvays sailing on the route just specific 1, 
it will probably be found useful to over-co mpensate the Quadnuitnl 
deviation, The correctors diminish westerly deviation in the NAV. 
quadrunt, and casterly deviation in the NE. quadrant; therefore, 
by owjr-compensation, the ettect of the Retentive magnetism would 
be partially neutral ized in one semicircle of the compass at both 
ends of the voyage; and so long as the course lay witlnn that 
semicircle, there would be undoubted advaniaga. On the other 
hand, those liners who rnn prineipally in a North and South 
direction, and have occasion to make abrupt changes of course 
ncar the end of the p&ssage, should have their Quadrautal devia- 
tion ttnder-compensatcdi or t if small, neglected altogether. 

These last are not so fortunately situated as the first named, 
since the application of correctors for Quadrautal deviation hast 
not only the effect of increasing the directive force of the necdle; 
but lessens very considerably the error due to beding * Eaeh 
one, therefore, must judge for himself how far these suggestions 
are mutable to his own particular route and ship. Pole com passes, 
when well placed, are comparatively exetnpt from the effects of Re* 
tentive magnetism, and Masthead compasses are almost entirely so, 

Now this matter of Retentive magnetism has a very important 
bearing upon compass adjustment, It is evident that if its oflecta 
get mixed up with the ship's permanent or congenital maguetism, 
the adjuster will be compensating souietbing which would ulti* 
mately have disappeared of itself, or perhaps have tuken an 
opposite name, This is anotlier reason why a Deviation Table 
cannot be trusted, and by imparting undue confidence, is morc 
likely to lead into trouble than to keep one out of ii It afaews 
also that, befere the Captain of a ©hip undertakes to rneddie with 
his com passes, ho should be tolerably certain that they are free 
from this fleeting but troublesome error, or eise know by experieuce 
how rauch to allow for it 

If, Söon aftcr launehing and masting, a sliip be experimental ly 
swung for compass errors, and then be completed for sea with her 

* Tbe Qfj*jrmntiü devi*tiun in &U th&*v cww I* «upimaed to b« of the kind du« t» the 
+ 1> : thm% », eiwiterlr in Ui« N*K, *ud quAdruiU, fcüd the ^ 
iu the uther twiK 
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head in the opposite direction to that which it had whilst on the 
building slip, it will be found on next swinging her that a wide 
discordance will exist between the first and last Deviation Tables. 

Now, as already stated on page 34?2, an iron ship becomes a magnet 
during the process of construction, but only a portion of the 
magnetism thus acquired is fixed or Permanent , the remainder is 
Retentive; and to get rid of this surplus Charge before the ^ 
compasses are adjusted for sea, it is highly expedient that an iron Adjustment 
vessel should have the direction of her head reversed as soon as 
possible after she leaves the Stocks, and kept so tili she is taken 
away to be adjusted. This unfortunately is too often neglected, 
as builders generally are averse to the trouble, or it may not 
always suit their convenience in other respects. But, seeing its 
great importance, owners ought to make reversal obligatory by 
inserting a clause to that effect in their specification, for instance, 
that the vessel should have the building direction of her head 
reversed for at least ten days previous to adjustment. When 
reversal is neglected, the adjustment made just before going to sea 
is only so much time and money scattered to the winds, not to 
speak of the positive danger likely to accrue from the omission if 
the vessel shoüld have a beating wind and thick weather when 
going down channel. 

The writer has a lively remembrance of a case in point. Not 
a hundred years ago it was his fortune to command a fine new 
steamer, which the builders, in spite of all entreaty, refused to 
reverse after launching. When the day for it came, the adjust- 
ments were carefully made by himself and a Professional of 
considerable reputation. The vessel then started on a trial trip 
which lasted some 36 hours. During the greater portion of this 
time, however, the writer was kept briskly on the move, shifting 
magnets and readjusting according as the vessel parted with her 
retentive magnetism. No doubt the builder, in his happy* igno- 
rance, thought the extra fuss was all a “fad” of the Captain’s. 

Luckily, throughout the trip, the weather was beautifully dear 
and the sea like a mirror, but had it been thick and stormy, that 
builder might have left the ship in a sadder, if not a wiser, mood. 

The Latin proverb, when paraphrased, teils us that experience 
teaches even wise men. 

The numerous lines of steamers running to Eastern ports Facilities for 
through the Suez Canal have a splendid opportunity for adjust- o 

ing their compasses in the most perfect manner. In the first steamersf 011 ^ 
place, between Aden and Ceylon—a distance of over 2000 miles— 
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they are stmming nearly due east on the mag net ic eguaiur, 
during which time, of course, vertical iron has no effect whatever 
on the compass, Therefore, when about half passage over, let the 
ship’s Sub-permanent magnetism be carefully compensated with 
fore-nnd-aft magnets of steel on East (c.äl) 

As, however, the deviation existing on the east course may be 
due partly to the ship’s natural magnetisra, and partly—though 
in a less degree—to the Retentive magnetism picked up oorning 
down the Canal, Gulf of Suez, and Red Sea, it will be proper, at 
the same place, on the return passage, to ascertain the deviation 
on the West point Should there be any, it ought to be reduced 
one-balf, by shifting one of the fore-aud-aft magnets in the 
required direction, and when the sbip gets up by Beachy He&d or 
Dover, again determine the deviation on the East point* 

How to aniv r ® It may now be pretty large, and if not mixed up with 
de^stionVu# Retentive magnetism , will be due wholly and soUly to the 
üU ertlCÄi influence of vertical iron. Now is the time to place the 
upright iron pillar, and let it be at such a distance m will com- 
pensate all the deviation on East, unless there is reasou to beUeve 
that some of it nrises froin that troublesome Retentive magnetism, 
in which case allow, say, a couple of degrees to remain. It is not, 
however, likely that there will be much 14 Retentive 11 left by the 
time Beachy He ad is reached ; but if the weather is fine, you can 
make tolerably sure by yawing the vessel right off to South for 
20 minutes or half-an-hour—going slow—and then putting her 
on East (c.m.) to be adjusted. 

Should the iron pillar be made to holt to the deck on which the 
bimmele rests, it will be merely necessary to move it noarer to or 
fnrther from the eompass, tili the ship’s head points to East (c.M.) 
by eompass as well m by Pelorua But if, as recommended, the 
pillar has been made to let down through the deck, you must 
ascertain beforehand the effect, at various distanccs, produeed by 
it on this particular eompass, taking care that the mperiment is 
made in the same magnetic latitude as that in which it is in* 
ttnded to shtp the pillar#. 

Experiment When the writer was in the s,s. lr City of Mecödf this plan w as 
adopted with complete succesa. The deviation on East was 
ascertained off Dover, and noted* On arrival in London, a round 
wrought-iron pillar, 5 feet Jong and 4J inches in diameter, was 
procured, and ita inductive pow ? er tested as follows. The eompass 
{12-inch card, 4 needles) was taken on shore in the S f W, Imlia 
Dock, and placed on some cotton bales, at such s height that 
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the pillar stood a couple of inches above the level of the needles. 

As soon as the card had ceased vibrating, a piece of marline was 
stretched across the centre of the compass in an east and west 
directioir, and mode fast. The iron pillar, which had purposdy 
been left Standing on end for some hours, was next, with the 
assistance of an impromptu plumb-line, placed vertically ander 
the marline, in which position it was of course at right angles to 
the direction of the needles, and consequently exerting its greatest 
iufluence. Having measured the distance of the pillar from the 
compass—centre to centre—and noted the effect produced, it was 
advanced— still under the marline —a little nearer, the measure- 
ment repeated, the effect again noted, and so on. 

The following shews the results, and may be useful to others Magnetic 
under similar circumstances, but only as a rough guide, since lr011 

different qualities of iron, and a different construction of compass, 
may increase or diminish the values here given. 


Distance. 

Effoct. 

ft 

in. 

0 

7 

6 .... 

.... None. 

6 

7* ... . 

.... i* 

4 

7$ ... . 

.... 3 

3 

6J . . . . 

.... 6 i 

2 

& ... . 

. . . 11 i 

1 

nt ... . 

.... 25 


Having by this method determined the distance at which the 
pillar would compensate the amount of deviation ascertained off 
Dover, a hole was bored in the deck at the same distance from the 
compass, and the pillar let down until its upper end stood about 
two inches above the level of the card, and the heel rested on a 
strong wooden cleat or bracket, screwed to a bulkhead below. 

The partners were then wedged up with soft wood, and a duck 
coat put on over all, and painted, to preserve the pillar from rust 

This compass was sworn by ever after, so perfect was its 
behaviour. 

To adjust compasses on the North and South points, there is a Adjuiting mi 
Capital place for these eastern-going ships in the Suez Canal. 

Just after leaving Port Said, there is one unbroken “straight” of sues c&ajd. 
26 miles, the Correct Magnetic course down which is S. 4° W. the 
whole way; and as the speed in the Canal rarely exceeds 7 knots, 
there will be 3£ hours available for adjusting. It is true the 
vessel’s head cannot be put exactly on South (C.M.); but if the 
thwartship magnets are placed to make the compass show S. 4° W. 
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Port Said. 


when the vessel is pointing straight down the Canal, this will be 
found quite near enough. 

The next matter is how to get rid of the Edenfive magnetism 
acquired whilst steaming on Easterly courses in the Mediterranean, 
which will naturaüy produce its greatest temporary efiect now 
thai the vessel’a head is South, or at right anglea to its former 
direction. 

It is usuai to coal at Port Said ; or if a steamer arrives late in 
the afternoon, it is seldom that she can proceed before the next 
morning. If, cluring this unavoidable detention, the pilot can he 
prevailed upon to put the vessel into the Ismail Bas in, she will 
there head to the N.W.; or in the opposite direction, to the 
courses steered down from Malta; and will be almost sure to have 
lost all her Eetentive magnetism before the following morning. 

Even should it be found impossible to get the ship’s head in 
this direction, the orclinary berth for waiting steamers runs about 
S.W., or some 10 points from her hist course, which will go a long 
way to remove the un welcome viaitor, lfm any doubt, howevor, 
the com passes can again be tried on South, when emerging from 
the Canal into Suez Bay, by which time they will certamly be free 
from the etfects of tlie “ Eetentive " acquired on Easterly courae& # 
The compasa has now been corrected on the Cardinal poinis, but 
Dowation^not ^ ere l& y e & ^ ie Q u < u lr<mlal dcviatkm to deal with. Fortunately, 
airectod by in ikiä cmte the presence of any nmounfc of Jtdenih*c magnetism does 
not signify in the slightest degree. At auy convenient time or 
place, steam the ship right round the circle, steadying her auffi- 
ciently long on N + E., S,E., S,W„ and NAV\, by eompass, to get the 
deviation on theso points with accuracy, Mark easterly deviation 
by the plus (+) sign, and westerly by the minus ( —) sign, and 
then pruceed m follows :—Heuerte the sign of the deviatiou 
observed on S. E. and N.W., then add together tliose which have 
the same sign ; take the ditference between the two dissimilar 
quantities thus found, and pretix the sign of the greater. Divide 
this difference by 4, retaining it» myn t and the result will be the 
Quadrantal deviation, which, in its natural state, without oörrectons, 
will nearly always be + in naine; and as it is due to horizontal 


Compensatlon 


Retentlve 

Magnetiam. 


* In the fio-eallsd $Utl ahipa tiow Cümiiig into fiwhitan, the writot find*, v tnight b* 
cxpectod* that thuir magnetiÄm ii of & more flxed characteF m coiuji^ml with iro® 
dttea. The P«mtioüs of the eomp»4*tss in nteel veeseis Art* therefore Bomewhat nmra 
cnrviUtit. which in itaelf ia b great ad van tagt*, aitice in general it U not «o much the 
amoant of Lieviatioa that U e^mplained of in cumpenaated cotnpaeeef, u itn pcrpJeiiug 
variabiltty 
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iron, will retain tlie sarae value in any latitude, unless, indeed, the 
construction of the vessel be inaterially altered, or large quantities 
of iron be shipped as cargo. The following example is taken from 
the Record of the “ British Crown 1 s 11 compasses. 


Belfast Loügh. Monday, 6/10/79. 


The natural deviation on N.E. was - 6°, on S.E. - 62°, on S.W. + 32°, and 
on N.W. + 48°. 


N.E. - 6° 

N.W. - 48 sign reversed. 
- 64° 


S.E. + 62° sign reversed. 
S.W. + 32 

+ 94° 


+ 94° 

- 54 

4) + 40 

- o = Quadrantal 

+ 10 deviation 


How to aseer 
taln amount 
of Qn&dranta 
Deviation. 


To compensate it; if the sign is + as in the example, put the 
ship’s head the same number of degrees to the left of N.E.*as the 
value of the Quadrantal deviation; and, keeping her exactly in 
this direction by the aid of some otlier compass, place the cor- 
rectors, and move them closer to, until her head is N.E. by the 
compass under treatment. Ships are so seldom found having 
Quadrantal deviation with a — sign, that it is unnecessary to 
enter upon its compensation. 

Although the Quadrantal error is rarely large in amount, like Qruulrantal 
the Semicircular, it is for many reasons very important that it 
should be corrected. Not the least is the fact, that for the same semioiroaiar 
amount of maximum error, the Quadrantal changes twice as DovlAtloiL 
rapidly as does the Semicircular error; and, therefore, a Quad¬ 
rantal error of 10° is much more embarrassing than a Semicircular 
error of the same amount. The true significance of this will be 
seen when it is explained that a Quadrantal error of 10° implies 
a rapid change in the deviation of the compass, amounting to as 
much as half a point, with so small a change as a point and a half 
in the ship’s course from one side to the other of any of the four 
Cardinal courses. Imagine the dißculty of trying to steer by such a 
compass! 

This concludes the adjustment of a ship on even beam, in which 
only the pull of the horizontal portion of the ship’s magnetism 
has duly been considered. Some iron vessels, however, have Heeiing error 
excessively large deviations, due to magnetic force betow the 
compass, since the poles of the ship’s magnetism can only lie in 
the horizontal plane in such ships as have been built on or near 
the magnetic equator. Vide page 342. This heeling error has 
been known to amount to as much as 2° for every 1° of heel. It 
is greatest when the ship’s head is on the North or South points. 
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and becomes reduced to a very small quantity 011 East or Weat 
Thus a ship changing her heel from IO* port to 10 a starboanl, 
may change her deviation as much as 40°, which no one will deuy 
is a very serious matter.* 

compaBBättott Tt is seldom or never possible to Hst a ship io dock to ascertain 

ae©dio!“ PlIlg her peculiarity in this respect, as doing so costs too much time 
and money in these days of rapid raovements and eeonomy; but it 
may be approximately arrived at in another and rauch easier way 
Get an opticiau of repute to make you a delicately poised “Dipping 
needle/' mounted on a suitable stand, carry» ug a couple of spmt 
levels, and protected with a glass cover. Let the needle-point 
traverse a vertical scale of degrees, and be fitted with a small slid- 
ing balance weight, so that whatever part of the World you may 
be in, by inovlng the weight you can aet the needle to zero of 
the scale, when the spirit levels indicate that the instrument b 
perfectly horizontalst Now f to tost the vertical force of the ship 
on any com pass, take your "Dipping needle“ oo shore, in n tpoi 
free from Local Attradion , and adjust it to zero: then, returaing 
on board, remove the compass, and put the " Dipping needle” in it« 
place, bcdditig it up with wood or otherwise untii it is perfectly 
levelled, and occupies txadiy the same positiou aud direction the 
corapass needles dkl. Then, if it be found deflected froin zcro, 
it shews the existence of vertical magnetic force betow the com¬ 
pass, coiumeusurate with the amount of such deflection. This 
can be coinpensated by inserting a vertical steel magnet in & 
suitable receptacle, directly underneath the very centre of the 
instrinnent; which magnet is to be slid up or down tili the point 
of the " Dipping needle” agöin rests at 0°, when. it is to be secured 
in place, and tbe compass retumecL Generally it is the red pole 
of the magnet which requires to be uppermost* but tliis is very 
easily seeu on trial 

ThLs is a very important adjustment in all ships, but tnore 
especially in those whose cargo is largely coinposed of iron; and 
as it is certain that such vessels cannot be heelcd every Vüyage, 
owing to the uneeasing hurry-scurry in mercantile afiVirs, such a 
simple and inexpensive mode of efiecting it ahould not be neglectal 
Unfortunately, this adjustment, as at present effected, onl y hold« 
good for the Magnetic Latitude in which it is made. 


* Se« Apptndtx. 

t W» Thi?ia.iuo fclft puUmtecl A very neat Arrangement foc detcrmiCHiig t b* 
v«rtk*l forw below t he OompA*. Chapter XIIL, Part I, 
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The vertical force below the compass is compounded of Induced 
as well as Sub-permanent magnetism ; and we have shewn that 
these require different treatment, inasmuch as the transient in¬ 
duced magnetism of soft iron cannot be satisfactorily compensated 
by permanent steel magnets. Moreover, iron which was hori- Adjiutment 
zontal with the ship upright, partakes also of the nature of emx^cmiy 
vertical iron when she heels over, which at once introduces a« 0001 “ 1 “« 
fresh disturbing element. This adjustment, therefore, can only be in which lt 
considered reliable in such foreign-going vessels as the Atlantic waa made * 
liners before alluded to—which, in the run from the United King¬ 
dom to New York, are all the time practically in the same Mag- 
netic Latitude, the difference not amounting to 3°. 

To see what a great advantage a vessel has whose heeling error Advantage« 
is compensated over another where it is not so, just suppose them 
to'be on northerly or southerly courses in a rough beam sea. In peniation. 
the one case, each time the ship rolls, the vertical magnetic force 
below the compass will come out now on one side, and now on 
another, causing the card to be alternately pulled to starboard and 
port at every roll; and should this pull happen to coincide with 
the period of Vibration due to the motion of the ship, the swing 
of the card will he so great as to render it perfectly usdess . In such 
cases, a man ignorant of the Science of compass adjustment will be 
almost ce/tain to attribute the excessive swing to some inherent 
fault of the compass, and inwardly curse the maker. On the other 
hand, the proper ly compensated compass will remain comparatively 
steady under all circumstances, and any little swing will be due to 
purely mechanical causes. In the latter case, the swing may be 
lessened by affixing deep wings of talc to the under side of the card, 
on its outer edge. These will help to steady it, by their resistance 
to the air. 

In diagram No. 14, facing this page, let V in each of the figures 
represent the vertical component of the ship’s magnetism, and 
its effect on the compass-needle, when the vessel rolls, will be 
easily understoocL B represents the deck beams, C the compass, 
and M the compensating magnet. 

It has already been shewn how necessary it is that the ship’s 
magnetism, causing the deviation on East and West, should be re- 
solved into its constituent parts, and each compensated by the 
means suitable to it; but to impress it more vividly on the mind, 
just consider what happens when this has been neglected. 

Take the case of a southern-going vessel, having—say 5 points Rsnütof lm- 
natural deviation on East, 3 of which are due to vertical iron. 
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Tbe adjuster having no time given him to sift tke matter, com- 
pensates all 5 points, in happy-go-lucky fashion, by meana oI 
permanent Steel magnets , and so the compass is rendered correct 
for the time being. But as the vessel goes sonth, the vertical iron 
loses its power over the compass, and on the Magnetic Equator 
exerts none whatever; the steel magnet, on the contrary, is as 
streng as before, and having now all its own way—(Happy 
Magnet! !)—causes an error of three points. By the time the 
vessel has got off Cape Horn, vertical iron has again become 
strongly magnetic, but now with reversed pole* , so that it pull* in 
the eame direction as the steel magnet , and both acting together, cause 
6 points of deviation. Not only is this large error a trouble 
in itself, but the direct ive force of the needle is so reduced as to 
make the compass sluggish, and almost worthless to steer by. 

Many uninformed men in this fix take np the magnets al to¬ 
gether, which certainly may mend matters, bnt won’t eure them. 
They even eye the magnets themsel ves as something dangerous, 
actuaUy throw them overboard, are rather prond of the exploit, 
and boast of having done so to their nantical chuma 
Bot to If ignorant of the principles of compass adjustment, the more 

rational plan would be to tie the magnets together in pairs of 
equal size—the red end of one touching the blue end of the other 
—and consign them to the forepeak, or the carpenter’s storeroom. 
When so fastened together, they retain their magnetic force un- 
impaired, while they effectually neutralize each other’s action, 
and so cannot play tricks with a compass or Chronometer , should 
they accidentally be placed near them. In this way they will be 
ready for use when next required, and the expensc of buying 
others will be savecL 

Before adjusting a new vessel, it is advisable to swing her on 
the eight principal points by each compass , and ascertain the 
AdTisabfflty Co-efficients, # which, when recorded, are afterwards useful in con- 
of deter. nection with the magnetic history of the ship; but with three or 
four compasses the process is a tedious one, occupying at least a 
whole day, irrespective of the time required at the finish for put- 
ting down the magnets; and it is only in rare cases, such as yachts, 
or men-of-war, wliere time is of less importance, that this would 
1)0 practicable. When the natural errors are not too large , time 
may be saved and several swingings avoided, by the use of 
Napiers diagram, but extreme cases, which often occur in practice, 
cannot be treuted this way. 

* TüWS"n, page 23. 
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Enough has been said to convince anyone that reliable compass 
adjustment is beset with difficulties, and cannot be lightly under- 
taken. What dependence, then, can be placed on the hurried 
performance which is daily witnessed in some of our largest ports, of Deviation 
when a lot of magnets are slapped down as the vessel leaves the 
dock gates, and a Deviation Card handed to the Captain worth 
little more than the paper it is written on ? This, however, is 
seldom or never the Adjuster’s fault, but is the result of a vicious 
System against which conscientious men dare not shew fight, since 
less scrupulous competitors are ever ready to step in and 
adjust (?) in half the time, if necessary, and for half the money. 

Strange to say, any one with sufficient money or credit to rent a 
shop can style himself a Compass Adjuster, as no Government 
test “exam.” is required; so, for legal purposes, Tom, Dick, or 
Harry suit equally well. 

In the course of a voyage, many opportunities present them- 
selves for adjusting or forming a Deviation Table, and such 
chances should be carefully sought for and utilized. The man 
responsible for the navigation of an iron vessel cannot be too 
zealous in this respect. 

The ports of Callao, Bahia, Calabar, Aden, Madras, Colombo, Fort« on 
and many others, are practically on the magnetic equator, and boSSS° 
ships lie at ancbor in them for weeks, during which their captains 
might perfect the Sub-permanent and Quadrantal portion of the 
adjustment; and be prepared to complete it, as already explained, 
on return to high latitudes. 

This being satisfactorily accomplished, and the adjustment being 
in all respects cai-ried out in conformity with the foregoing rules, 
it is strongly recommended not to fiddle-faddle afterwards with 
the magnets, in, what would only be, vain attempts to correct the 
subsequent comparatively small errors sure to ainse from time to 
time. Unless the vessel be new, or has had alterations made 
affecting the compass, these errors will be due entirely to 
Retentive Magnetism, over which, from their “ come-and-go 99 
character, it is impossible to exercise any permanent control. 

To keep a compass exactly correct at all times and places, the 
magnets would have to be everlastingly shifted about, than which 
—it is almost needless to say—nothing could be more injudicious. 

The proper way to circumvent the difficulty is to keep a 
Compass Record in some such form as that given on page 879. 

This particular one is kept in stock by the publishers of 
“ Wrinkles.” 
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When the writer was in tlie »ervice of the P. S. N. Co., and had 
to touch regul&rly at a couple or three dozen ports on the round 
trip, it was bis practice to avail liimaelf of the natural marts for 
swinging ship to be foiind in many of the harbours, For example, 
when at anchor in a port like Rio de Janeiro, it is easy to ascertain 
the correct magnetic bearing of a distant object, such as a moun- 
tain peak, well-defined hill top, or small Island, by taking its fru* 
bearing off the harbour plan with a Field’s Parallel Ruler, and 
applying to it the cöi*rected Variation. The difference between thk 
and the com pass bearing, as the ship Swings round to wind or tide, i.% 
of course, the Deviation for the particular point on which the ship s 
head may be at time of observation. This method is independent 
of the sun, which will not ahvays show itself when waated, and 
in the tropica may have too high an altitude to be service&Ue; 
with the additional ad van tage timt, as the bearing of the ohjert U 
comtant , no calculation is necetsary. 

In Rio, the steamers of the F.S.N. Company jnv&riably anchored 
off the small Island of Mocangu^, which was their coalmg Station. 
From this position, the couspIcuouB peak of Tijuea (3,316 feet 
high) boro S, (W W, correct magnetic, distant 9J iniles, und was 
therefore fairly adapted for this purpose. A reinarkable peak in 
the Organ Mountains, from its greater distance, was a better object» 
and could be nsed indifferently with Tijuea, when one or other 
happened to be shut out by the masts or fünftel. This last peak 
was not laid down on the harbour plan ; but its bearing was aacer- 
tained in the simplest mannet by merdy taking the horizontal 
seaiant angle between it and Tijuea * 

At this aneborage a couple of excellent tramil mark® are also 
available for compass work- On the eastern side of the harbour are 
two forts, viz +> Gravata and Santa Cru& Their Western faca^ are in 
one on the bearing of due South c,M.; and in the mme lim ; and do^j 
to the anchorage, is a low-lying rock off the S,W, corner of 
Mocangud 

The lighthouae on Raza Island, in trausit with this rock, 
bears S. W., &M. As the ship swing« to wind and tide* one 
or other of theae two transit uiarks is pretty smre to be " on f but 
in auy case a good eye can always estinmte the differenoe when 
they happen to be a Httle open of each other. Whether in transit 
or not, be sure and observo the bearing of the back objecU 

*Dtl tlinÄfi oeefr*iann, ivlmtilij, tb« Angle exeoed the limit# nf your *wiUnt, it c*n be 
mtMtrd *1 twic« by »omo mtamicdi*t« tibjeol lyin^ m tbo un» bi rn 

pUne. 
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Should the navigator, however, not be provided with a large 
scale plan of the harbour, or the sun not be visible, the mean of 
two bearings on East and West by compass will give the corr. mag . 
bearing of the distant object. The old advice on this subject was How toobt&in 
to observe the compas# bearing on every point as the ship swung^^£* 0 ^^ 
round, dividing by 32 to get the required C.M. bearing; but objectflrom 
Towson* has shewn conclusively that the first method is more betSSjag ^ 88 
correct, as well as more convenient Thus, if with head west by 
compass, the observed bearing is S. 81° W., and with head east it 
is N. 63° W., we have 

N. 63° W. 

N. 99° W . 

2 ) 162° 

Corr. mag. bearing of. . . N. 81° W. . . distant object. 

Should the sun be visible, there is a very correct mode of find- How 
ing the required bearing, wliich can be put into practice whenever obtain 
there is a true sea horizon. In a confined harbour this may be t^e°^N^ng 
obtained from a boat alongside, if the shore line is not nearer ot dktant 
than 1J milea. 

Measure with the sextant the oblique angular distance between 
the sun’s nearer limb and the object selected, taking a point at 
the water-line (imaginary or otherwise) vertically under the latter . 

At the same instant let another observer take the suns altitude 
in the usual way, and note the time. Then, neglecting minor 
corrections, proceed as follows:—Find the suns true altitude by 
Table IX. of Norie. Add 16' to the observed angular distance, 
to reduce it to the sun*s centre. Next, from the log. Cosine of 
the distance subtract the log. Cosine of the altitude, and the 
result will be the log. Cosine of the horizontal angle between 
the sun’s centre and the object. Thus :— 


Example I. 


01 

Corrected angular distance . 76 40 . Cosine . 9 3629 

©’s true altitude .... 28 10 . Cosine . 9*9453 


Horizontal angle 
between ® and object 



O / 
74 50 


Cosine . 9*4176 


2 A 


Page 124. 2nd Ed. 
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MARKS AT ARICA, IN PERU. 


Arloa— 
fadlltles for 
Oomp&is 
AdJ astment. 


Example IL 

o / 

Corrected angular distance . 98 20 . Cosine . 9*1612 

©’s true altitude . ... 30 10 . Cosine . 9*9368 


80 21 . Coeine . 9*2244 
180 

Horizontal angle» • . . 99 39' between 0 and object 

In the last example the angular distance exceeds 90°, and it ia 
therefore necessary to take the Supplement of what would other- 
wise have been the required horizontal angle. The sun’s true 
bearing, at the time the observations were made, having been 
found, either by the “ Red Book” or the old alt-azimuth problem, 
apply to it the horizontal angle just obtained, and you get the true 
bearing of the object. To this apply the corrected Variation at 
place, and you have the desired corr. mag. bearing with even 
more than the necessary precision. The three log. cosines make 
this problem easy to remember. To ensure an accurate result, the 
angular distance must be at least double the sun’s altituda 

Captains of vessels plying regularly to certain ports might keep 
a memorandum of the C.M. bearings of distant peaks, &c., as seen 
from the anchorage they frequent. Thus at Arica, in Peru, there 
are several Capital marks, as under :— 


Morro de Saina. X. 59p W.C.M. (distant 41 miles). 

Notcli Peak . X. 13p W. „ 

Left Peak. X. 20f 3 E. „ 

Iiight Peak . X. 23E. „ 

Sajama . X. ö3|° E. „ 


Centre of Table Mount ... X. 80p E. „ 

These bearings—which, from there being no appreciable annual 
change in the Variation at this part of the coast, will hold good 
for an indefinite time—were determined at anchor, with the new 
mole S.E. \ E. (c.M.), 3} cables distant; but from the great distance 
of these mountains, the ship might shift her position very consider- 
ably without affecting the bearings. Taking the Morro de Sama 
—one of the nearest—a vossol would have to shift her berth j of 
a mile at right angles to its line of dirertion before causing an 
alteration in the bearing of even 1°. Therefore, to adjust coin- 
passes, a vessel might steam slowly round the Bay. Here the 
Pelorus, or Sir W. Thomson’s Azimuth Mirror, would come in 
tip-top. 
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At Plymouth, the Admiralty have a couple of mooring buoys Piymonth— 
just inside the breakwater, which are specially provided to öwing 
men-of-war. From the eastern one, Sheepstor—a hill eleven swingliigsiiip 
railes inland—bears N. 45° E. (c.M.), and from the Western one 
N. 47° E. (c.M.) As a general rule, when at single anchor in a 
tideway, the distance of a selected object sliould not be less 
than 10 miles; but if the*vessel is taut moored, and the observing 
compass be well forward, five miles will suffice. 

When swinging pretty fast, with wind and tide in the same Observation* 
direction, the observations will not be nearly so reliable, owing to 
friction causing a heavy card to drag with the ship, in Opposition 
to the directive force of the needle. A light card, like Sir 
W. Thorason's, has a great ad van tage in this respect, as friction 
on the bearing point is reduced to a minimum. To counteract 
the dragging tendency, keep quietly moving the compass in the 
gimbals as the ship goes round. 

In the Mersey, ships may determine their deviations by the River Mörser, 
bearing of Vauxhall chimney, in transit with any one of a System 
of figures painted in large characters on the dock walls and sheds. 

These figures give the C.M. bearing of the chimney, reckoning 
from north towards south by the east. Thus 110° would be read 
as N. 110° E, or S. 70° E. 

Similar facilities are also given at Kronstadt Capt. J. Belavenetz, 
of the Russian Imperial Navy, has made the following arrange- 
ment in the commercial port of Kronstadt to enable mariners to 
determine the deviations of their compasses, as resulting from the 
effects of the iron of the ship, or the cargo on board, whilst lying 
at anchor in the great roadstead of that port: viz.— 

The true bearings of the foundry chimney from various parts 
of the Western wall of the commercial port of Kronstadt are 
indicated by a series of marks, ranging between the bearings of 
N. 89° E. and S. 79° E, painted on the Western face of the wall. 

The degrees are marked in figures legible from the roadstead of 
Kronstadt, the even figures being on a black ground, and the odd 
figures on a red ground, in the following Order, indicating as here 
stated, under each figure,— 

9 80 12 3 4 667 

S.7Ö°K &80 Ü E. S.81E. S.8*2 J E. S.83E. 8.84 J E. S.85'E. S.8GE. S.87 J E. 

8 9 90 9 

S.88°E. 8.89 J E. East. N.89°E. 

Therc is quite a similar arrangement at Cherbourg, and to 



3^2 ABUNDANCE OF TRANSIT BEARINGS 

facilitate adjusting there are eight warping buoys in a circle with 
one in the centre. 

Deviation of In the absence of cargoes containing iron, wooden vessels going 
•Xmartted short voyuges have their deviation nearly constant, in which caae 
on^Oompass it i s not a bad plan to write it neatly on each point of the ooropass 
card for ready reference. Do not, however, when correcting a 
bearing , comrnit the blunder of taking the deviation from the 
bearing point . It must, of course, be taken from the one which 
corresponds to the direction of the ships head at time of obeer- 
vation. This mistake has frequently been made. 

Leaving Liverpool in winter, it often happens on the approach 
of a southerly gale that the atmosphere is more than ordinarily 
clear, although the sky may be quite overcast At these periods 
it is possible to see almost fabulous distances; and in the abeence 
Tranelt of the sun—a rare visitor in winter—transit bearings of light- 
shorenmrks houses, mountains, and other 8höre marks can be used to give 
the deviation with all needful accuracy. Then comes one of the 
advantages of liaving large scale Admirulty Coast Sheets 9 from 
which to get the true bearings. 

For example, almost immediately after passing the Crosby 
Light-vessel, the Hoylake lights come in ränge bearing & 28f° 
W. corr. mag. (1884), and about 7 miles after passing the North¬ 
west lightship, Great Orme Head lighthouse (readily distinguished 
with the binocular) will be seen in one with the conspicuous peak 
of Penmaen Mawr. Six miles furthcr on, the latter comes in 
transit with a lofty mountain nained Carnedd Llewelyn. But 
Carnedd Llewelyn, from this point of view, is not readily picked 
out by a stranger. Again, the bearing of the Skerries and South 
Stack lights, when in one, happens by good fortune to coincide 
with the fairway course down the Irish Channel, passing within 
nice ränge of Bardsey and the Smalls; so that, if when in transit 
they are broüght either right ahead or astern—the latter is prefer- 
able—these lights will prove additionally an invaluable guide. 
Of course, by taking their transit bearing in passing, the deviation 
will be found for any point on which the ship’s head may happen 
to be at the inoment. 

Howtoname In naming deviation ascertained in this manner, recollect that 
the Deviation, jf t j, e t j lore (,< <n ing is to the right of the comjriss bearing , the 
deviation is easterly, and r/Vy versa. 

Now, in regard to transit bearings, there is a point to l>e noted. 
The furthcr uff the back objrct is so much the better, for then the 
• bearing is “ teiuler,” and the cxact moment of transit is easily 
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noted. On tlie other hand, when tbe objects lie tolerably close 
together, and the observer soine little distance from them, it is 
difficult to discover wlien they are actually in one, and an error 
of 2° or 3° in consequence is quite possible. 

Furtliermore, when observing, be sure to take the compasa 
bearing of the back object, which shifts but slowly, and note the 
reading at the instant the other object is seen to transit. The 
more rapid change in the bearing of the near object, renders it 
difficult to follow and get correctly at the proper moment Some- 
tiraes, when one of the objects is indistinct, an assistant with a 
binocular to teil you when the objects are exactly “on” is a great 
help. 

There are literally thousands of suitable marks all round 
our coasts; and a few are now given, which will be found con- 
venient, especially by vessels navigating the George’s, Bristol, or 
English Channels. Those marked thus * are only available in 
fine clear weather. 


7 arret on pier and New Brighton chnrch Bpire (River Mersey)...... 8. 88f W. - 

Bock lighthouse and New Brighton church Bpire .8. 35 J W. - 

Great Orme Head lighthouse and Penmaen Mawr.S. 51£ W. - 

•Penmaen Mawr and Carnedd Llewelyn .S. 28J W. - 

•Penmaen Mawr and Y Foel Fräs.8. 23 W. - 

Tower on Puffin Island and Penmaen Mawr.S. 15| E. + 

•Moelfra Island and Snowdon.S. 4 W. - 

• Beacon on Dulas Rocks and Snowdon ...S. 2J W. - 

•Point Lynas lighthouse and Snowdon .8. 1$ W. - 

Point Lynas lighthouse and Penmaen Mawr . S. 31J E. + 

•Middle Mouse and Snowdon .8. 9£ E. + 

Middle Mouse and Point Lynas lighthouse.8. 57 J E. + 

Beacon on West Mouse and Coal Rock shore marks—three in one .. 8. 39$ W. - 

•Beacon on West Mouse and Snowdon.S. 18J E. + 

•Mount Pengam and Snowdon .8. 20 E. + 

Skerriee and South Stack lighthouses .S. 46 J W. — 

Skerriea lighthouse and Pen Gybi (Holyhead Mountain) ..S. 414 W. ~ 

•Skerries lighthouse and Snowdon .8. 21 E. + 

Skerries lighthouse and Mount Pengarn.S. 30£ E. + 

•Holyhead Breakwater lighthouse and Snowdon.S. 30 E. + 

•Pen Gybi (Holyhead Mountain) and Snowdon .8. 34^ E. + 

•South Stack lighthouse and Snowdon .S. 86J E. + 

•Pen Gybi (Holyhead Mountain) and Carnedd Llewelyn .S. 48J E. + 

•South Stack lighthouse and Carnedd Llewelyn .8. 50 E. + 

Left xme of North Stack touching Breakwater lighthouse.S. 80$ E. + 

•Mynydd Mawr and Snowdon. S. 68 E. + 

• Wicklow Head lighthouse and Lugnaquilla Mountain . N. 684 W. + 

•Wicklow Head lighthouse and Thonagee.N. 48 W. + 

•Wicklow Head lighthouse and Great Sogar Loaf...N. 5 W. + 

Wicklow Head Lighthouse and Little Sugar Loaf.N. 24 E. - 


List of nseful 

t rau Mi t murin 
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# älicve Boy and Mount Leinnter.N. 8C$ W. + 

# Arklow Kock and Crogan Hill.N. 55 W. + 

# Tara Hill and Crogan Hill.N. 12$ W. + 

Tusk&r lighthouae, Greenore windraill, and Forth Mountain.X. 41 W. + 

•Coningmore Kock and Slieve Coiltia .N. 15$ W. + 

# Hook lighthouae (Waterford) and Tory Kill .N. 6$ W. + 

•Tory Hill, aoen between Brownstown Head towera .N. 18f £. - 

•Metal-man tower (Great Newton Head) and Tory Hill.N. 294 - 

•Minehead lighthouae and Knockmealdown Mountain .N. 184 W. + 

# Capol Ialand tower and Knockmealdown Mountain.K. 15$ E. - 

•Bullycotton lighthouae and Knockmealdown Mountain.N. 28$ E. - 

Kight face of Dognoae (Queenatown) and Koche Pt. lighthouae ....8. 7$ W. - 
Left xmea of Weaver Point (kuown by its aignal StationJ and Cork 

Head.S. 40 W. - 

Koanio'a Head and Little Sovereign.S. 83$ W. - 

Keanie’s Head and Big Sovereign.S. 82 W. - 

Fastnet lighthouae and Mizen Peak.N. 30 IV. + 

•Fantnot lighthouae and Hungry Hill.N. 2J E. - 

Man-of-Wur Sound white buacon, and Leamcon Tower.N. 23 K. - 

Fastnot lighthouae, and Leamcon tower open left of white beacon. .N. 23$ K. - 

•Jjfft xino of Sheep Hea<l and Hungry Hill.N. 394 E. - 

Calf Kock lighthouao and aummit of Skariif Island .N. 21$ E. - 

The Cow and mimmit of Skariff Inlnnd.N. 28$ E. - 

The Bull and tmnunit of Skariif Inland .N. 35$ K. - 

North Binhop Kock and Kamnay Hill.S. 10 E. + 

North Binhoj) K«»ck and Llaoithty Peak.S. 70$ E. + 

Carreg Khonon and Llaoithty Peak . .8. 89$ E. + 

Kight xmo of St. David’» Head and Kamsay Hill.S. 48$ W. - 

South Binhop lighthouae and Kaincay Hill.S. 80$ E. + 

South Binhop lighthouae and Llaoithty Peak .N. 78$ E. - 

South Binhop lighthouae and left xmo of St. David’» ITead.N. 724 E. - 

South Binhop lighthousc and North Binhop Kock.N. 39$ E. - 

SmalU lighthoufto and Graanholmo Inland (highe« t part) .8. 73 E. + 

SmallH and H. Binhop lighthouaes and xmo of 8t. David'» Head .. ..N. 72$ E. - 

Grannholme Inland and S. Binhop lighthouae .N. 40$ E. - 

South*West xmea of Skokham Inland and St. Ann'a Head .S. 58$ E. + 

Great Castle Head ränge light» (Milford Haven).N. 61$ E. - 

8t. Auii’h Head ränge light».N. 22$ \V. + 

Wolf and Longship« lighthouaes .N. 38$ E. - 


Lizard light».S. 81 E. f 

Killignnoon lloiine and Penarrow Point (Falmouth).N. 0J W. + 

Kddyntoue lighthuUHc, and chapel crowning Karne Head .N. 31$ E. - 

,, „ and Pick'eoombe Fort.N. 40$ E. - 

„ , f and Kille Butt on Staddon Heights .N. 494 E. - 

South Foreland light».N. 83$ W. +. 

U>hant light», in ..S. 88 E. + 

Le» Pierre» Noire«, and Pto. St. Mathieu.8. 81$ E. +. 

Ar Men Itk., and Tevvnnec.\ B, 80 K. j- 

Ar Men Kk., and l'te. du Raz.I S. 67 E.+ 

Ar Men Uk. f and Isle de Sem ..| 6 8. 65$ E. + 

Islo de Sein, and Tevmnec. J N. 76 E. - 


These bearings are all c»rr<rt uvvjncttc, and adapted to the year 1634. To *d.*pt 
them to subsequent yeam, thone in the N.E. and S.W. quadrant» must be diminished, 
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and those in the N.W. and S.E. quadranta increased, at the rate of 8' per annum, or a 
degree in teven years. To facilitate the appücation of this correction, the proper sign 
haa been placed after each bearing. 

It may happen, however, when sailing along shore, that a dis- Adjustment 
tant conspicuous object presents itself which is laid down on the SetoSS 0 
chart, but has nothing suitable to transit with it, in which case ohject. 
the Station Pointer comes in very handy. Select, in accordance 
with the rules laid down in the chapter on this instrument, three 
known and well-defined objects, and at the same instant that the 
ship’s place is fixed by the horizontal sextant angles between 
them, let a third observer take the compass-bearing of the dis- 
tant object, which may or may not be one of those already in 
use. Then lay off the ship’s place on the chart with the Station 
Pointer, and, using Field’s Parallel Ruler or the horn protractor, 
find therefrom the true bearing of the distant object. To this 
apply, as usual, the Variation at place reduced for annual change , 
which will give its correct magnetic bearing, in readiness to be 
compared with the observed compasa bearing. 

If the object chosen is a very distant one—say Snowdon in 
Wales, Sca Fell in Cumberland, Snae Fell in the Isle of Man, or 
Slieve Donard in the Co. Down (all visible from the Irish Channel) 

—a steamer may be slowed down, and steamed half round, so as to 
get the Deviation on every second point in that semicircle of the 
compass she would be most likely to use during the next few 
days. The half hour thus spent will not only conduce to the 
ship’s safety generally, but may, if thick weather comes on, save 
many a half hour’s groping about 

For new vessels requiring their compasses adjusted, or ships 
lying wind-bound in Belfast Lough, the following transit bearings 
observed by the writer, will be found of Service. The true bear¬ 
ings, in most instances, were determined by Theodolite and sun, 
and converted into corr. mag. bearings for the year 1884, by 
applying the Variation taken from the Admiralty Magnetic Chart 
of the World. The marks here given are very conspicuous, but to 
pick them out a stranger would in most cases require the assist- 
ance of some one locally acquainted. 

Holtwood Hill House, in one with 

e 

Power'a Honte on Kinnegar and Bellevue, the three hontet 

in one.....S. 41$ E. + 

Holywood Bank Pile Lighthouae .S. 35$ E. + 

Holywood Epiacopal Chnrch Spire.8. 2} W. — 

Tudor Hall (centre) .S. 15$ W. - 


Correct 
Magnetlo 
Transit 
Bearings ln 
Belfast Loogh 
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COMPASS MARKS IN BELFAST LOUGB. 


G hat ’s Ho dsb (Hazkl'Akk), in one with 


Glengormley Mill Chimney .N. 62 W. + 

Carnraoney Summit (A) . .N. 81 } W. + 


Note. —Glengormley chimney Stands conspicnonsly in the saddle midway bttveea 
Cavehill and Carnmoney summit Hazelbank may easily be reoognised by a vsUedia 
garden close to shore, on west side of lawn. When honse and ohimney transit. Um 
shore-road entrance is also about in the same line. 

Houwood Bank Pilb Liohthoüsb, in one with 


Strandtown Episoopal Church Tower .6. 25} W. — 

Garmoyle Pile Lighthouse.. 8. 28 W. — 

Albert Clock Tower (Helfast).8. 56} W. - 

Mosley Mill Chutney, in one with 
Monkstown Mill Chimney.. N. 44} W. + 


Note.—M osley chimney Stands in centre of factory buildings; whilst Monkstown 
ohitunoy (the nearer of the two in question) Stands among trees, no bailding häng 
Yinihlo about its base. A small red-brick house (supposed to be Jordanstown Bailway 
Bution) lies ou the observer’s side of the chimneys, and transits with them. 


Gkey Point (xme), in one with 

© 

Coj>eland Lighthouso . 8. 76 K. + 

Gienghana House .S. 61} E. + 

Mrs. Conuor’s Turret (Hag-pole).8. 55} E. + 

Konter (-onnor’s House (Seacourt). 8. 51} E. + 

Tower of Carnaloa House .8. 32} E. + 

Mount Divis . 8.90 W. - 

MoArt’s Kort (Cavehill). N. 82} W. + 

Cahrkkfergüs Castle, in one with 

Carnbilly Summit (A) . .N. 30} W. + 

Carrick ('hurch Spiro .N. 16 W. + 

llurleigh Hill Houno .N. 6} W. + 


Hklen’s Tower,* in one with 


Craigdarrah House .8. 18} E. + 

ClantlelK»ye Coast Guard Station .S. 14} E. + 

Bocktield Cottage .8. 11} E, + 

Cramsie’s Villa (turret)...8.10 E. + 

Clandeboye Railway Station (turret) .8. 9} E. + 


• Helen's Tower—crowning a hill in the background—about 2} miles S.W. of 
Bangor, is quite unmistakable, as is al«o Scrabo Monument, which lies about an eqoal 
distance further off, in the same direction. 
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Pattison’s House ..8. 7J E. + 

Centre of Helen’s Bay Quarry .S. 1J E. + 

Crawfordsburn House.S. 04 W. - 

McNeill’s Square Villa .. .8. 11 j W. - 

Camalea House (tower)...S. 15 W. - 

Ruin in Smelt Mill Bay.S. 25 W. - 

Foster Connor’s House (£eacourt).S. 31J W. - 

Cochrane’i House .... .S. 32 W. - 

Cochrane’s New Villas.S. 83 W. - 

Bangor Church Spire .S. 411 W. — 

Presbyterian Church Steeple.S. 43 j W. — 

Bangor Castle (turret) .8. 46 W. — 

Mn. Connor’s Turret (flag-pole) .S. 464 W, — 

Ulster Royal Yacht Club House .S. 46| W. - 

ßtewart’s House .S. 484 W. — 

Islet Hill Farm House .S. 574 W. - 

Ballyholme Windmill.8. 594 W. — 

Groomsport Presbyterian Church ..S. 624 W. — 

Groomsport Irish Church .S. 64 W. - 

Maxwell’» House, Groomsport .S. 654 W. — 

Orlock Point Coast Guard Station.8. 734 W. — 

Copeland Lighthouse ...S. 75J W. — 

Donaghadee Church ..N. 80 W. + 

Killeghy Spire.N. 64 W. + 

Mill Isle Windmill.N. 57| W. + 

Carrowdore Church.N. 444 W. + 

Scrabo Monument, in one with 

o 

Camalea House (tower).8. 274 W. - 

Cochrane’s House...8. 354 W. — 

Helen’s Tower.8. 38 W. — 

Bangor Church Spire .8. 39 W. — 

Ballyholme Windmill...S. 494 W. — 

Islet Hill FarmhouBe.S. 49f W. - 

Groomsport Irish Church ...S. 54 W. — 

Copeland Lighthouse... 8. 66 W. - 

Donaghadee Lighthouse.8. 80] W. - 

Killeghy Spire.8. 86 W. - 

Mill Isle Windmill.N. 85 W. + 

Carrowdore Church. N. 694 W. + 

Ballyholme Windmill, in one with 

e 

Foster Connor’s House (Seacourt).S. 534 B. + 

Mrs. Connor’s Turret (flag-pole).8. 37 E. + 

Ulster Royal Yacht Club House (flag-pole).8. 29| E. + 

Stewarts House .8. 244 E. + 

Ladies’ Bathing Hut.S. I 64 E. + 

Groomsport Presbyterian Church.8. 694 W. — 

Groomsport Irish Church .S. 744 W. - 

Maxwell’s House (Groomsport).S. 774 W. - 

Copeland Lighthouse.8. 86 W. - 
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PREHBTTEHIAM t’BUliCH StERI-LE,* in OOC Wlth 


o 

Cocbrano's Home ..>t - ......S* 37|E. Hr 

Fester ConnuFä Hou&c (Seaoourt)..^5 B. +■ 

Copland LightliuUäe *..». *.. «#-*-.*.* .«S, W, - 

Banüqr Cituncn Spirk, in otie with 

Euin in Smelt Mill 33 j+v...,.....,.,8, 21( K. + 

CochranoV Hoiue*, . * *.* *.....*.8, 1 f E. + 

Fottar Cotinor^ Huuse (SeAconrt) ♦ *3* S| W. - 

Sea View House {Ritchie’a) *,*,»»,»,» .S. SJ W, * 

Freabytemu Chumb Steeple ..., *. ...............S. 58 W. - 

TJiäter Royal Yacht Club Klag-pule .«.. .......ß. 58J W. — 

Stewarta House *., . ******** •'.*«.*.***«* 8. 63 W, — 

B&üjholm* Windinili *..--,---,.-N.B6J W. + 


Note.—T he Variation in ßelfaat Lough in 1834 U eBtimated at 22°, and dt 
kbou% 1° lü »even years. 


Compassea 
uniicacunt- 
ahly *qump* 
lag 11 a point 
or two. 

Supposed 

carnes 


Probable 

caused. 


Wbeeihoüae 

Lockers, 


DevUttOtt 

Carüi 

tuurelUbiQ. 


One some tim es hears wondeTful storics of compasses suddenly 
" jumping a point or two/ # without actual alteration of the ship's 
head, and this ia attributed to all sorts of fantastic causes, such 
os shallow water, attraction of the laut], and so on. Some even 
go so far as to say that in the Red Sea, the mm bcating fiercely 
on one side of the vessel in the raorning, and on the other in the 
afternoon, will cause achange in the Deviation of sever&l degreca. 
Very careful experiments made in that localitv by the writor, have 
satisfied bim on the ünposaibility of this latter suppoeition; and 
consequently, if the AM* and p,äl azimufchs disagree» or wbenever 
tbese perplexing alterations täte place, they will cloubtlesa be due 
to some cause within the ahip herseif—such as change of httl w 
errors of centring, bent shodow-pins, loose iron placed in the 
'tween decks or anywhere near the compass, boats* davits turnecl 
in that had previously beeu swung out # or some other simple 
but overlooked cause, 

It is quite common in wheelhouses to find lockers dose on eacK 
side of the compass, which are nominally for fl&gs only, but in 
reality aoon become a stow hole for q u ar ter maste rs gear. Hava 
them taten down ns quiek ly a* posaible, 

Becairse Deviation Cards are coudemned in these pages, it 
not to be understood that n properly kept Compaas JRcmrd i« 
worthlesa: on the eontrary, the couiniander of every iron vessel 
shouId keep a daily account of the behaviour of bis compasses* 


• At preient ther^ »rc but tffu churebe« witb «pire« in lUctgor, *nd th« Pre^bjWriA» 

ulle ü lh c Uvurer of th« twu. 






















Register of Deviations and Daily Comparison of Compasses on board the Steamship " British Crown , 

from Liverpool to Philadelphia , 
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Noti.—T his form is just $ the original size. 

The entries ander Ship’s He&d Corr. Mag. should always be made in red ink. 









380 VARIATION , DEVIATION , ^ATZ) ERROR. 


Usefol form 
of Oompaas 
SeoonL 


“Total Error. 1 


Modeaof 
Unding 
Deviation 
from an 
Axlmntli. 


In regulär Lines it will be found that the compasses of vessels 
that have already made several voyages on the one route, under 
similar circumstances will shew time after time pretty nearly the 
same deviations in the same localities. This, however, should not 
lead to neglect in observing azimuths, as nothing but constant 
watchfulness can ensure safety. 

A form of Compass Record is here inserted, which those who try 
it will be sure to like. One need only run the eye down the 
deviation columns to see at a glance the action of each compass 
during any given period. Some men, on the contrary, set 
deviation altogether on one side, and to correct their courses take 
the difference between the true and compass bearing. This 
"Total error,” as it is called, they also enter in their compass 
book, which is bofch meaningless and inconvenient For “ Total 
error” being compounded of Variation and deviation, must 
necessarily be a constantly ckanging quantity ; and, therefore, a 
record of it is of no value until it has undergone a troublesome 
sifting process, w hich would better have been done in the first 
instance. 

There are tw T o modes of determining the Deviation from an 
azimuth. One is used by Towson in his examples, but the writer 
much prefers the other, as tending to practise the navigator in the 
every-day application of Variation and Deviation to the true 
courses he may wish to steer. 


Ist Mode. 

®’a true bearing. S. 67 W. 

®*a compass bearing - - - • S. 84 W. 

Correction, or total error - - 27 Wly. 

Variation per chart .... 22 Wly. 

Deviation -------- 5‘ Wly. 


2XD MODE. 

©’a true bearing.S. 57 W. 

Variation per chart - - - - 22 Wly. 

© s correct magnetic bearing - 8. 7» W. 
©’s compau bearing - - - - 8. 84 W. 

Deviation. 6* Wly. 


The number of figures Ls the same in each case, but in the first 
mode an unnecessarily new process is originated; whereas in the 
mode advocated, the navigator is familiär with the term “ Correct 
Magnetic,” with the rule for naming the Deviation according as 
the compass bearing is to the right or left of the con'ect magnetic 
bearing , and has not to tax his meinory with any frt sh formula, 
this being very similar to th; way he would set about turning & 
Urne course into one by coinjass. Tlius:— 
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True course 
Variation per chart - 

Correct magnetic course 
Deviation 

Compass course to 8teer 


- - S. 57 W. 

22 Westerly. 

- - S. 79 W. 

5 Westerly. 

- - S. 84 ° W. 


In the Compass Record suggested, after the date, &c., the com- Explanation 
parisons are first jotted down; next the ship’s head corr. mag. is 
entered in red ink by way of distinction, this important direction 
being got by applying the ascertained Deviation to the compass 
by which it was ascertained—generally the Standard. The 
Deviations of the remaining compasses are arrived at by simply 
taking the difference between the ship’s head o.M. and the ship’s 
head as shewn by each compass. The left-hand pages are left 
blank for remarks, &c. 

In the Proceedings of the Royal Geographical Society (No. III., YaluaMo 
Vol. XXII.) will be found a very interesting and instructive paper 
on the Earth’s Magnetism, by Captain Sir F. J. Evans, RN., Mignotlim. 
K.C.B., Hydrographer to the Admiralty.* It embodies all that is 
known up to the present time, and is well worth perusal 

Captain W. Barrett’s very ingenious diagram will also be found 
useful to the student in compass adjustment, as giving a strik- Diagram. 
ingly graphic representation of the terms into which the Deviation 
of the compass in iron ships may be separated. 

There have been many discussions from time to time as to the 
propriety of adjusting compasses by magnets, some men contending 
that the better plan was to leave the compass to follow its own 
bent, and to navigate by the aid of a Table, giving the natural 
deviations: but iron is now so largely and recklessly used in deck 
fittings, &c., that compass errors have assumed a magnitude quite 
unknown when iron vessels first came into vogue. Formerly, also, 
more care was exercised in the selection of suitable positions for 
the compass, and the theory of adjustment was not so well 
understoocL Thus it is that adjustment now cannot be dispensed 
with, or the majority of compasses would be quite unmanageable. 

Scarcely any one, now-a-aays, will be found so ignorant as to 
advocate non-adjustment. 

Sir George Airy, late Astronomer-Royal, thus sums up the Advantage« 
advantages in favour of compass adjustment:— Adjustment— 

-—-Sir Oeo. Airy. 


Procurable from Dorrell & Son, 15, Charing Cro.«s, London. Price One Shilling. 
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STB GEORGE AIBT'S TTEW&. 


U Xoy-OOEJEÄCTED CoMTASeZE. 
Cümg « TMt of Error*. 


71# Bmmade beim§ mijmäMt 


(L) The diröctrre power o® the 
«fflifiMi ss extremer different ob 
different wurm . 

(!) The prineipal pazt of the tabu- 
hted error» arises from sab-penna- 
oot magnetim, whose effacU in 
prodndng Deristkn tut greaily in 
different puls of the earth. 

(!) It is therefore iLwloklT ne- 
eeanry,from time to time, to mähe a 
new taMe of enorm, br otaeranong 
in namerons pontk/ns (not fewer 
ihm eigbt)of the ship's Lead. 

(4L) In difficult narigation, ms in 
tbe channels of the Thanns or tLe 
Mersey, espeeially with frequent 
tacks, the use of a TaMe of Errors 
would be attendcd with great dan- 


(I.) Ilse direetm p w a m the 

(!) The aagnrts whiefe p erfec dy 
oorreet the suhpenuoMt mignrt 
isn in ooe plane, will also periectfj 
oorreet it in aaothei 

■ (a) Only whea there is watjmnrm 

of chan^e in the ships magnetiflB 
axe new obeerratioiis neceasaxy, and 
; then two are sui&dent. 

;4.) In any h ydro graphical diffi* 
culiv, the oonected oompaas is right 
on all taeks, and its nse is peffccdj 
simple.* 


No. 2 of tbe atove applies eqnallv to tbe Deviation arising from 
the inductive magnetisrn of vertical iron. 



CHAPTER XIIL 


TO FIND THE ERROR AND RATE OF A CHRONOMETER 

Hitherto the recommendation has been to effecfc this by “ Equal Altl " 
Altitudes ” of tbe sun, AM. and P.M., taken with the Artificial recommend« 
Horizon. This method, however, though short and simple, so far 
&s the figures go, is open to many objections. The Operation 
cannot be completed at one time, since several hours must elapse 
before the second half of the observations can be made. Düring 
this tedious interval, the conditions which existed in the morning 
may be considerably changed. For example, the refraction may 
have increased or diminished, owing to a shift of wind or fall of 
rain; the observer’s “ Personal Equation,” as it is termed, may 
have varied; and the divisions of the sextant may have altered, 
through the effect of heat or cold in expanding or contracting 
the metaL 

Raper says—“The mefchod, even under the most favourableDiMuWmn- 
circumstances, can rarely be considered as affording extreme pre- 
cision;” and all the things just mentioned tend to vitiate the ac- 
curacy of the result in a greater or less degree. Furthermore, the 
setting in of cloudy weather may cause the morning’s work to 
be so much labour thrown away, by rendering impossible the 
corresponding p.m. altitudes; and, in any case, there is the incon- 
venience (sometimes very great) of a double journey to and fro 
the ship, and a repetition of Chronometer comparing. It is truo 
the AM. sights could be used as “Absolutes,” but every one accus- 
tomed to this sort of work knows the suspicion which attachc* 
to observations taken only on one side of the meridian. 

The term “ Personal Equation,” though very familiär to astro- Penwiua 
nomers, may be new to many sailors, so it is as well to explain it 
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How to 
elifflinnU 
Error« of 
Obaerration- 


He vonsal of 
Anmctil 

UOTUOtL 


It bas been found that most men have a fixed Imhit of “making 
contacfc 1 ’ either too soon or too late, depending for aoiount upon 
their peculiar nervous Organization and bodily state at the time, 
whether of rest or fatigue, sickne&s or healtk It is even found 
that an easy or constrained position of the individual at the 
moment of observation may exercise considerable effect on the 
result. Thus the excitable man, fearing to miss the ereilt, is ap i 
fco forcstall it; while the man of pblegmatic disposition is more 
likely to be too late. The human eye, in its measurement of 
distanee, varies in different people One man may consider the 
eun’s limb to be just touching the horizon, whilst another, using 
the same sextant, will consider it a trifte above it; and a third be 
impressed with the idea that the suu is too low, and that both the 
others are wroug, No doubfc, to this, os mucb as to instrumental 
errors, is to be attributed the difference among officers in the 
common Operation of taking the sun at noon. 

These may fioem insignificant trifles to some, but the procesa of 
Chronometer rating is itself a delicate one; and it must be remetn- 
bered that, in the necessaiy Splitting of seconds, we are dealing 
with quantities susceptible of the most minute influenecs. 

The principle of fmding the error of a Time-keeper by " Equal 
Altitudes 11 is, that the earth revolving at a uniform rate, equnl 
altitudes of a lixed body on either side of the meridian will be 
found at equal intervals from the time of transit of that body 
over the meridian, aud that, therefore, the mc&n of the timcs of 
such equal altitudes will give the time at transit, which fot the 
eun is noon. 

The bctter mode—takcn all round—is to observe stars oast and 
west of the meridian, with in a few miuutes of euch otber—by 
which all systematic errors, whether atmospheric, instrumental, 
or personal, are practica! ly neutralized in the mean result 
Moreover, with “ Equal Altitudes/’ it unavoidably lmppens, wheö 
the latitude and decünation are of contrary names, that the suu 
being badly situated, from the slownesa of its inotion in altitiide, 
cannot be expected to give good results. Now this need never 
be the case with the stars; a couple on or near the Prime Vertieft!» 
east aud west, can always be found at some liour of the night, 
Jet the latitude be wbat it may. When sclectiug stars, cboose 
tliose that have about the same altitude, and will thcrofore be 
equal ly oflactcd by refractiöm To avoid error due to a want of 
parallelism in the surfaces of the glass roof of tho Artificial 
Horizon, reverse it for opp träte stars, so that Ihr mmc side may t m 
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every case, bt next to you* If the regulär mercurial horizon is 
not to be had, an extempore one can easily be rigged up with a 
Soup plate, and some oil or treacle. On a calm evening this 
makes an Al substitute. 

In the observation of the altitude of a star with the Artificial Profbsaar 
Horizon, it is always troublesome to bring down the image of the method of 
star reflected from the sextant mirrors to the image reflected from 
the mercurial horizon, or viceversä; and sometimes, when two 
bright stars stand near each other, there is danger of employing 
tbe reflected image of one of them for that of the other. A very 
simple method of avoiding this danger, and of facilitating the 
observation, has been suggested by Professor Knorre, of Russin. 

“ It can be proved geometrically, that whenever the direct and 
reflected images of any star are made to coincide in the field of 
view of the sextant, tbe index glass will be inclined at a constant 
angle to the horizon. (This angle is equal to the inclination of the 
sight-line of the telescope to the horizon glass.) If, therefore, we 
attach a small spirit level to the index arm, so as to make with 
the index glass an angle equal to this constant angle, the bubble 
of this level will play, whenever the two images of the same star 
are in coincidence, in the middle of the field of view. 

" With a sextant thus furnished, we begin by directing the sight- 
line towards the image in the mercury; we next move the index 
until the bubble plays, taking care not to lose the image in the 
mercury. The reflected image from the sextant mirrors will then 
be found in the field, or will be brought there by a slight vibra- 
tory motion of the instrument about the sight-line. 

“ A sextant is easily fitted up on this principle, the level being 
made out of a small glass tube of little more than one inch in 
length. In sextants of the usual construction, the reading lens is 
attached to a stem tbat turns round a short pillar fixed at right 
angles to the index arm; in these cases, the level may be attached 
to the same pillar, rotating stiffly round it to admit of prepara- 
tory adjustment, and then fixed once for all in its proper posi- 
tion.”*f* 

When made fast for the night in the Suez Canal—now the great Chronometer 
highway to the East—the writer has found it very convenient to BwaMai. 
ascertain the errors of his Chronometers by the method above 


• In “ absolutes ” or independent observation« of the snn (not Equal Altitude«), ' 

tbe roof must be reversed when half way through the desired number. 

t Hinte to Travditn; by a Committee of Couneü of the Royal Oeograpkical Society, 
London: Edward Stanford, 15, Charing Cross, S.W. Price 2/6. 

2 B 
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advocated, The Admiralty plan gives the exaet Latitude and 
longitude of each end of the c&nal, from which, with a little care 
and neat-handedn ess, the geographical position of any other point 
may be determined* But for the convenience of those who may 
distrnst their owu measurements, a few posidons are subjoined, 
from which others can more readily be fixed, 

Latitude. Longitude, 

Port Said hi^h hglithouse * * , « . . 31 15 45 N, , 32 IS 45 R 

The 25 ' post at Kantara siding . » . , . 30 50 45 N- » 02 18 45 B 

Palace at Ismailia . . , . * . . . 30 35 30 N. 32 16 45 E. 

The 52 ' post at north ern entrance to Great 

Bitter Lake . . * . . , - - . 30 25 45 N. > 32 21 00 E 

The 74' post near Chalonf.30 8 15 N. . 32 04 24 E 

South Pier Head of Port IhrahanL . . , 29 60 3K , 32 33 12 E 


Prlnclple of 
getting the 
correct G M.T, 
by otjienra- 
tloa on shore. 


M Original 
Error.“ amtf 
*' Aoeomu* 
lated Rate." 


Rating 

Chronometers 
by slgbta At 
BeA* 


The correct latitude and longitude of a place being known, the 
principle of determmmg Greenwich Hean Time, whereby fcoaacer- 
tain the error of a Chronometer, may be explained in a few wortU 
Every navigator is aware timt bis daily sights give him the 
Apparenl Time at Ship, and that by applying the Equation of 
Time he gets Mean Time at Ship. Of courso the same thing 
applies to the determination of Mean Time on Shore. Now, if he 
knows (from the ehart or otherwise) the exact longitude of the 
ßpot where he took bis sights, and turns it into time, he has merely 
to add or aubtract it (according as it is west or ea^t) to or from 
this Mean Time at Place , to obtain at once the correct Mmn Tum 
at Greenwich . Tliis, compared with the cortesponding time by 
Chronometer, gives ita error, fast or slow, as the case may be* 

Here it is necessary to be dear on one point, When this 
compariöOn ia made of the Chronometer time with the Greenwich 
time, it is to be distinctly understood that the *Original error * 9 and 
M Accumulated rate ** are to be entirely disregarded, and not allowed 
to enter into this pari of the ealciilation. The actual difFerenca 
then exJsting between the Chronometer and Greenwich times h 
to be taken as a new original error—entirely independent of tbe 
tirst one, which is no longor to be employed* This is particularly 
dwelt upon, from the fact that many men compare the corrected 
Chronometer time with the Greenwich Mean Time, and in aftrr 
work apply hoth errors, and even carry on the old rate, when they 
have all the material» for getting a new and more correct one. 

Sometimea, also, the error of the longitude by Chronometer i» 
found by the ordinary »ights taken off an Island or headland 
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passed in the course of the voyage; and this error—say 12'—is 
improperly applied as a constant correction io all longitudes 
subsequently determined, instead of working out the error in time 
of the Chronometer, and so arriving at the sea rate for future usa 

With reference to this custoin of taking sights at sea when the 
ship’s position is fixed by cross-bearings of well-known land, it is 
certainly very useful as a rough check if the vessel hae been away 
from port for a considerable time : for example, ifc might be done 
with advantage by a homeward East Indiaman when passing 
Cape Agulhas, or by an outward-bounder when passing St. Paul's 
rocks, near the equator.* 

But if the Chronometers have been recently rated on shore, the 
errors inseparable from such observations at sea would probably 
exceed the errors in the rate given by the maker. Thus many 
smart vessels pass Madeira when only a week out, and this might 
be considered a good opportunity for testing the Chronometer 
rates; but though sights so taken might be useful in detecting 
gross errors, if such were suspected, they could not be relied upon 
under ordinary circumstances to give the time with the needful 
precision for rating purposes. More useful results might indeed 
be obtained if the vessel were becalmed, so as to combine p.m. with 
A.M. observations; or in the event of her passing in the afternoon 
a second point of land equally well determined with the first. In 
either case the mean of the two sets would perliaps give a fair 
approximation to the truth. 

To find, on shore, the rate of a Chronometer, its error on Mean interval 
Time must be known on two days, separated by an interval of not 
less than six, or more than ten days. Then the difference between 
the two errors. divided by the number of days in the interval, 
will give its daily rate for the time being. Where the interval is a 
long one, say a month or six weeks, during which the temperature 
has varied considerably, the mean daily rate is that which will 
be obtained, and may differ considerably from the performance of 
the Chronometer at time of last observation. This goes to prove 
the necessity of adopting Temperature rotes , as recommended by 
Mr. Hartnup. 

To watch the performance of a Chronometer on shore, it is not 
by any means necessary for the observer to know his longitude, 


• Both these are very accurately determined positions :— 

St. PauTs Rocks.Lat. 0° 55' 30" N.Long. 29° 28* 00" W. 

Cape Agulhas Lighthouse.. Lat 34° 49 / 40" S.Long. 20° 0' 86" E. 






Kating by 
Transit of 
Star, 


Example of 
Kating by 
ßtar Transit. 
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as the error of the Chronometer on Local Mean Time is all that in 
wantod It inay be done also by simpty noting the time of tlio 
suceessive disappearances of any star (not a planet) befaittd a 
smoothly-planed sbr&ight-edged board, nailed in a tnily vertical 
Position against some firm support The observer’s eye mmt be 
always at the sarne point, such as a small hole in a tin plate, also 
nailed to an immovable support, at a distance uf say SO or 4ü feel 
froin the board, and to the north or south of it, according to the 
particular star selected. 

Th ia is a very ex edlen t praetical metfiod, and oae capable of 
mach preeision. To carry it out, proceed as follows On any 
given evening, note the time by Chronometer of the stars dis* 
appearance, which —from a star beiug a mere lummous point, 
without sensible diametor—is so audden as to be at first qnite 
startüng; and after an interval, say of six days, do the same 
again. On aceount of a Sidereal day being ahorter than a Mean 
Solar day, the star will disappear sooner each evening by 3m. 55*9&; 
therefore multiply this quaotifcy by the numher of days between 
the observations, and subtract the result from the time shewn by 
Chronometer at first ohservation. 

If the Chronometer is keeping exactiy Mean Time, the fitst and 
second times will now agree; if tbey do not, the differenee U the 
loss or gain of the Chronometer. If the second time is greatcr 
than the first, it is evident the Chronometer is gaining, and the 
diflerence divided by the numher of days gives its daily rata 

Example* 

At Philadelphia, on Oetober ICth, 1880, the star Fomalhaut 
was observed to disappear at 14h, 2m. 18 5s. by Chronometer* 

On Oct. 22nd the disappearance was timed at 13h. 3Snt 340s, 
Required the daily rate of Chronometer, 

n. x. fl. x. 1 

Oct 10, Star dLupp&tr*! at * UM 1*5 I 

- 23 W4 x 0 

13 3£ 431 n £ I 

Ocl. 21 Star dftappmi-ed fct - IS M Ml — 

Lüh Iatday* - - ö) 011(1 daily rata 

fl kwlng. 

so 

so 


We wül now give an example of finding the Error of a Chrono¬ 
meter on Greenwich Mean Time by observations of atars ernst mud 
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west, taken with an Artificial Horizon on shore. The observations To find the 
are bond fiele, and selected at random from among quite a large ebzonometer 
number, taken on the same occasion. They were expressly made ^ < fwest? aBt 
to determine the meridian distance between Valparaiso and Tongoy, 
the latter being a port of which the author was then engaged 
in making a trigonometrical survey.* 

Sunday, August 15th, 1875.—The following sights were taken 
at Valparaiso, in front of the Port Captain’s office, in latitude 
33° 2' 8" S., and longitude 4h. 46m. 321s. W.; Fort San Antonio 
being taken at 71° 38' 00* west of Greenwich. Index error + T 30". 
Chronometer, from previous observations at Arica, assumed to be 
51*6a slow of Greenwich Mean Time. 


Time by Chronometer 
Assumed error - - - 


• Spica, bearing about N. 88° W. true. 

h. m. s 

.... 13 8 32-0 
. +51-6 


G.M.T., Angnst lfith • 


13 4 23-6 


•'s Dedination 


90 , „ 

10 80 41 S. 


Polar distance- 70 29 19 Cosecant 0*007360 


Latitnde- 
Altitude - 


Half sum . 
Bemainder - 


83 2 8 Sec&nt - 0*076684 
23 24 10 


136 66 87 


67 67 49 Cosine 
44 83 89 Sine - 


Ob erred angle • Spica • . . . 46 61 10 
Index error.--- + 180 

2^46 62 40 

»'s app&rent altitnde. 28 26 20 

Hefraction (Table XVm. of Norie) — 2 10 

•'s true altitude. 23 24 10 

Sidereal time at Q.M. noon, Aug.). 9 33 M ^ 

Acceleration for 13h..+2 8*13 

» » 4 m..+ *66 

» »24a..+ *06 


Right Ascension of mean 0 - - 9 36 6*68 

9*604321= Star’s honr - - 4 36 18*00 W. 

“ 11 ■ *'s Right Ascension 18 18 87*61 

Right Ascension of the meridian - - 17 63 66 61 or Sidereal time 
Right Ascension of the mean ® - - 9 38 6*68 at 


Mean time at place .... 
Longitude of Observation spot 

Mean time at Greenwich - - 
Time by Chronometer ... 


8 17 49*93 P.M. 
- - 4 46 82*10 W. 


- - 13 

- 13 


4 22*08 
8 32 00 


Chronometer slow of G M. time - - 


B. 

60*03 


For an explanation of the term Right Ascension of the Mean ® refer back 
to page 255. 

Fomalhaut, the other star of the pair, is worked out on the next page in a 
manner exactly similar to the foregoing: its hour angle, however, being East, 
has to be subtracted instead of added. 


• The plan of Tongoy, with others from the same source, has sinoe been published by 
the Hydrographie Office of the Admiralty. 
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EXAMPLE OF RATING BY STARS . 


* Fomalhaut, bearing about S. 72° E. true. 

H M. 8. 

Time by Chronometer. 18 20 00 0 Observed angle • Fomalhaut - - 

Aisnmed error. + 61-6 Index error. 


kmi 

+ 1 » 


G.M.T., Anglist lßth 


90 , „ 

•'s Declinstion 80 16 46 S. 


13 20 51'6 


2)62 64 » 

•'s app&rent altltode. 8127» 

Refraction (T&ble XVHL of JToris) — 1 SS 


•'s true altitnde 


81 »58 


Polar distance 69 48 14 Cosecant 0 068699 
Latitnde - - 83 2 8 Secant - 0*076684 
Altitude- - - 31 25 63 


124 11 15 


h. m. a. 


Sidereal time at O.M. noon, Aug. > 
l5th.) 


9 88 66» 


Acceleration for 13h. - - - - + 1 8*18 

„ ft 20m. . - - - + 8*» 

.. 52a..+ 14 


Half sum - - 62 6 87 Cosine • 9 670272 Right Asce n sion of tnitsn ® - - 9 96 8*38 

Remainder - - 80 89 44 Sine - - 9*707650 -- 

- H. M. ft. 

9*618105= »’s hour • - - 4 40 20 60 R. 

—"" *’s Right Ascension 22 60 48*00 


Right Ascension of the meridian - - 18 10 27*60 at Sidereal tfasc 
Right Ascension of the raean 9 - * 9 86 8*88 at place. 


Mean time at place .. 8 84 19 12 P.K. 

Longitude of obserration spot - - - 4 46 82*10 W. 

Mean time at Greenwich. 18 20 61*22 

Time by Chronometer ------ 18 20 00*00 


S. 

Chronometer slow of G.M. time - - 61*22 


Both stars—Spica espccially—were favourably situated in azi- 
muth, and their very close agreement (the difference amounting 
only to 119s.) proves conclusively that not only were the alti- 
tudes and tiraes accurately observed, but that all the conditions 
must have been normal. 

The mean of the two results gives 50*62s. as the error of the 
Chronometer on August 15th. 

At Arica, on August 7th, the same Chronometer was 46 # 40s. 
slow of G.M.T., shewing that in the interval of 8 days it had lost 
4 22s., equal to a daily rate of 053s. 

It will be noticed that in comparing the Chronometer time of 
observation with the Greenwich Mean Time of Observation, the 
original error 51Gs. was not taken into account. At the coin- 
mencement of the calculation, however, it was used to get the 
Greenwich date as closely as possible, whereby to reduce correctly 
any of the data requiring it, such as the Sidereal Time at 
Greenwich mean noon, &c. 

It is evident that if the Chronometer error were neglected, 
wlien at all large, many of the elements used in the calculation 
would be inaccurate. This is less the case, howevir, with the 
Btars (which may be regarded as fixed) tlian it would be with the 
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sun or planet». In the case of the moon, wbich alters its Declina- 
tion and Right Ascension very rapidly, the error would be exces- 
sive. For this and other reasons the moon is never used in this 
Connection. 

In the Suez Canal, under certain conditions, sights may very 
well be taken on board ship, and when this can be done it is of 
course much more convenient and pleasant than squatting down 
on a sandhill. Acting on the Suggestion of Captain Lee of the 
Transport “ Capella,” the writer tried this several times during 
the war in Egypt, and got results in every way satisfactory.* 

As a stand for the Artificial Horizon, a small table was placed 
close over on the starboard side of the saloon deck, and the observer 
was comfortably seated in a chair with a Quarter Master standing 
by with a bull’s eye lamp, kept dark tili required for reading off. 
The 2nd officer sat behind the observer (back to back), with the 
Chronometer and lamp facing him on a third chair. In this way 
three sets (of three in a set) were taken of the Eastern star, and 
after shifting the gear over to the port side, a similar number 
were taken of the Western star. 

To make this plan possible, it is necessary to wait tili all hands 
have turned in, as the most cautious footfall on deck is at once 
revealed by the star’s image dancing in the quicksilver: even the 
donkey engine for feeding the boilers must be stopped for the 
time-being. If there is any wind, the Artificial Horizon and 
observer may be sheltered by a weather-cloth, rigged up for the 
purpose; and, with the awning overhead, you are as comfortable 
as in a regulär observatory —always barring the Musquitoes. 

About 11 o’olock P.M. Wednesday, September 20th, 1882, the 
following sights were taken on board Her Majestys Transport 
British Prince , then moored for the night to the west bank of the 
Suez Canal, midway between mile posts 36‘6 and 36*7. This 
Position when laid off on the Admiralty plan gave the latitude 
30° 39' 30* N., and the longitude 32° 20' 00 7 E. Index error — 40*. 
Chronometer, from previous observations taken on the mole at 
Alexandria, assumed to be 2m. 14a slow of O.M.T. 


* Mr. H. S. Blackburne, of the P. & O. steamer u CariKagt , M mentions, in hia 
M A and B Tables for Correcting the Longitude,'* having repeatedly tried this plan 
with complete suoceas. 
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* Saturn, bearing N. 87E. true. 


B. M. 8. 

Time by Chronometer - - - - 9 10 14 5 
Aeenmed error.+ 2 14*0 

G.M.T., September 20th - - - - 9 12 28*5 


Polar diatance- 73 00 20 Coeecant 0*019391 
L&titude • - - 80 39 80 Sec&nt - 0*065339 
Altitude - - - 80 29 18 


134 9 8 


Half snm- - * 67 4 34 Cosine - 9*590516 
Remainder - - 36 85 16 Sine - • 9 775285 


9*450581 


Obeerred angle * Saturn • - - - (Tl £ 30 
Index Error. -40 

8) 61 1 80 

Saturn’a apparent al titude - - - 30 80 56 
Befraction (Table XVHL of Non«) - l 37 

S&turn’s true altitude. 

■. *. a 

Sidereal Time at G.M. noon, 

September 20th.11 67 631 

Acceleration for 9 h. 12m. 29 b. • + 1 30*76 

Right aacenaion of me&n 0 - - li 58 mm 

O . . W , H. M. 8. 

Saturn s hour angle • - • 4 16 42*3 K, 
Saturn’s reduced Right 

Aacenaion. 8 37 78 


Right Aacenaion of the meridian. 23 90 96*0 

Right Aacenaion of the moan 9 . 11 68 3611 


Mean Time at ship. 11 21 48 4 P.H. 

Longitnde of ahip in time. 29200E. 


Mean Time at Greenwich. 9 12 28*4 

Time shewn by Chronometer ------ 910 14*6 


By * Saturn, Chronometer alow of G.M.T. 


m. a 

2 13*9 


So much for the eastern star, now we will see what the Western 
one saya 


* Altair, bearing S. 81° W. true. 


H. M. 8. 

Time by Chronometer - - - - 9 29 67*8 


Aaanmed error.+ 2 14 0 

G.M.T., Sept. 20th. 9 32 11*8 


Polar diatance- 81 26 9 Coeecant 0*004870 
Latitude- - - 80 39 80 Sec&nt - 0*065389 
Altitude- - - 81 8 6 


143 13 45 

Half aum - • 71 86 63 Coaine 

Hemainder • • 40 28 47 8ine - 


Obserred angle • Altalr - - - • 6t 20 <jb 
Index error.- 40 


2) 62 19 20 

Altair’a apparent altitude - - - 81 9 40 
Refraction (Table XVIII. of NorU) - 1 M 

Altair’a true altitude.31 8 6 


H. M 8. 

Sidereal Urne at G.M. noon, 

September 20th. 11 67 6*86 

Acceleration for 9h. 32m. 12a. - - + 1 33 67 


Right Aacenaion of mean 0- - - 11 683931 

h. m. a. 

3 55 3*0 W. 

19 45 50 


9*498869 
9 812364 


0 381492 = Altair’a hour angle 
Alt&ir'a R.A. • - - 


Right Ascension of the meridian. 23 40 8 0 

Right Ascension of tho mean 9.11 58 39*8 


Mean Time at ship.11 41 28*2 ML 

Longitude of ship in time. 2 9 20*0 E. 


Mean Timo at Greenwich. 9 32 8*2 

Time shewn by Chronometer . 9 29 67*8 


M. 8. 

By • Altair, chmnom ter slow of G.M.T. 2 10 4 
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The me&n of the two results gives 2m. 12*2s. as the error of the 
Chronometer on September 20th. Seven days afterwards, when 
at Malta, the Greenwich Mean Time, carried on from these obser¬ 
vations, was found to differ only a second and a half from the 
Time Ball. 

Where delicate observations are required, the planets Jupiter 
and Venus are out of the running, from the fact that they are 
so very much bigger and brighter than the mere speck which 
a star presents ; the latter, therefore, is to be preferred, but in this, 
as in many other matters, external circumstances control our 
wishes, and it is often a case of do-with-what-you-can-get without 
being too fastidious: or in other words, be thankful for the bread 
even if it is not buttered. On this account it is deemed 
advisable to give an example shewing the working of a planet, 
which it will be noticed is precisely the same as the working of a 
fixed star, if we except the necessity for reducing the Declination 
and Right Ascension to the Greenwich Mean Time of Observation. 

In the case of Saturn the reduction is very small. 

When several altitudes of each star have been taken, which is A number of 
the proper thing to do, they should be worked out separately , and SloSd^ 0111 
not in groups, or sets, of three or five. By so doing, palpable worked out 
mistakes in reading off the sextant, or taking the time, &c., 8eparatd,y# 
declare themselves at the finish, and the particular observations 
which contain them, if incapable of adjustment, can be rejected 
in toto. It is true this very materially increases the labour of 
calculation, but the man who strives to be accurate will not 
grudge it. Having thrown out the bad ones, the mean results of 
the remainder will then be reliable. 

Since the recent telegraphic determination of the longitude of mgmM 
the principal places on the globe, Time signals have been estab- 
lished at a great number of ports for the benefit of shipping. 

Annexed will be found a complete list. When the signal is made « ^ , 

by gun fire, the time of the flash must be noted; but if from any Report of 
cause this cannot be seen, it will be necessary to fall back upon the Tim# “ a,I,L 
report . In which case, allow for the velocity of sound in air at 
the rate of 1,093 feet per second, when the thermometer registers 
32° Fahr. As the temperature increases, the velocity increases at 
the rate of 1T1 of a foot for each degree, decreasing in the same 
Proportion for temperatures lower than 32°. Thus at 65° Fahr, velodtyof 
we have the velocity = 1,118 feet per second, and at 80° Fahr, it Sound in Air. 
is 1,146 feet per second. Taking into account so many facilities, 
the error in the Greenwich Mean Time of any sailing ship should 




TVe Hirt»»? Xmuti os5os s gea»»Ilj the best plsce to insti- 
t«u esrjwry. 
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TIME SIGNALS. 



Signal. 

Position of Signal. 

Local 

Mean Time of 

Greenwich 
Mean Time of 

Remarks. 


Latitude. j Longitude. 

Signal. 

Signal. 


BaU 

Royal Observatory 

H. M. S. 

1 00 00*0 P.M. 

H. M. 8. 

1 00 00*0 P.M. 



•• 

.. 

10 00 00*0 A M. 

10 00 00*0 A.M. 



BaU 

Royal Naval Yard 

1 00 00*0 P. M. 

1 00 00*0 P.M. 


. 

Gon 

Fort on Heights 

Noon. 

Noon. 



BaU 

Royal Dockyard 

1 00 00*0 P.M. 

1 00 oo-op.m. 



BaU 

.. 

10 00 00*0 A.M. 

10 00 00*0 A.M. 



Cone 

Mount Wise, Devonport 

1 00 00*0 P.M. 

1 00 00*0 P.M. 

Repeated 11 vs 
minutes later. 


n 

*i ii 

1 6 00*0 P.M. 

1 6 00*0 P.M. 


ll.... 

Gun 

.. 

1 00 00*0 P.M. 

1 00 00*0 P.M. 



Gun 

Morpeth Dock, Pier Head 

1 00 00*0 P.M. 

1 00 00-0P.M. 



Gun 


1 00 00 0 P.M. 

1 00 00*0 P M. 



Gun 

.. 

1 00 00 0 P.M. 

1 00 00*0P.M. 



BaU 

.. 

1 00 0M P.M. 

1 00 00*0 P.M. 

Private enter- 
prise. 


Gun 

Edinburgh Castle 

1 00 00*0 P.M. 

1 00 OO-OP.M. 



Gun 

.. 

1 00 00\> P.M. 

1 00 00*0 P.M. 



Gun 

.. 

1 00 00*0 P.M. 

1 00 00*0 P.M. 


. 

BaU 

.. 

0 84 88 P.M. 

1 00 00*0 P.M. 



Gun 

.. 

0 84 88 P.M. 

1 00 00*0 P.M. 



Gun 

.. 

1 

0 84 38 P.M. 

1 00 00*0 P.M. 



BaU 

Obserratory in N.W. part 
of town 

11 00 00*0 A.M. 

10 86 18*6 A.M. 

Repeated two 
minutes later. 
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FRANCE, OERMANY, HOLLAND, RUSSIA. 


Place. 

Toulon. 

Brest . 

Cherbourg. 

L’Orient. 

Fonras, B. Charente 
BasqueBoads — 

Bochefort . 

Wilhelmshaven. 

Bremerhaven . 


Cuxhaven 


Hamburgh . 

Hellevoetsluis . 

Nieu Diep. 

8 winemunde . 

Kiel.| 

Newfahrwassen .... 

I 


TIME SIGNALS— continued. 


Signal. 

Position of Signal 

Local 

Mean Time of 

Greenwich 
Mean Time of 



Latitude. 

Longitude. 

SignaL 

Signal 


BaU 

Observatory in N.W. pari 
of town 

H. M. 8. 

11 8 00*0 A.M. 

H. M. St 

10 88 18*8 A.M. 


Flag 

Nautical School Observatory 

Mean noon. 

0 17 68*4 P.M. 


Disc 

Marine Observatory 

11 44 6 5A.M. 

U 60 890 A.M. 

mm falls Ml 
Paris bbm 

BOOM. 

BaU 

Harbour Tower 

Mean noon. 

0 18 26*1 P.M. 


BaU 

Pier of Fouras, North Harbour 

11 68 27-0 A.M. 

0 2 60*4 P.M. 

Bapeated sl 

0 0 27*0 p.m. 
=0 4 60*4 s.M. 

BaU 

8 t Louis Tower 

11 60 00*0 A.M. 

0 2 60*4 P.M. 

Bepeatedai 
0 1 0*0 P.M. 
=0 4 60*4 aJL 

BaU 

East Tower of Observatory 

Mean noon. 

11 27 24 8 A.M. 


BaU 

68* «y <xr N. 

r 84' 7" E. 

Mean noon. 

11 25 48 6 A.M. 

BepsaM. 

•i 

•• 

*• 

0 34 16 5 P.M. 

Mean noon. 


BaU 

68* ß* 00 ' N. 

8* 42 / 30" E. 

Mean noon. 

11 26 10-0 A M. 

Bnpsaltd 

Ball 


•• 

0 84 60*0 p.m. 

Mean noon. 


BaU 

63* B2T 80" N. 

0* 68' 67" E. 

0 89 687 P.M. 

Mean noon. 


Discs 

61* 47 10" N. 

4* r 40" 6 E. 

Mean noon. 

11 48 29*8 a.m. 


Discs 

52* 5T 60 r N. 

4* 46* 86" E. 

Mean noon. 

11 40 58 6 A.M. 


Bill 

63* 64' 87" N. 

14* 16' 4" E. 

Mean noon. 

11 2 667 A.M. 

Bepeated. 

» 

” 

•• 

0 67 4 8 P.M. 

Mean noon. 


BaU 

64*20's<r n. 

10* fr 62" E. 

Mean noon. 

11 19 24 5 a.m. 


BaU 

64* 24' 24" N. 

1 

18* 37 43" E. 

Mean noon. 

10 46 20*8 A.M. 
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TIME SIGN ALS —continuecL 


Place. I Signal | 


Position of Signal. 
Latitnde. 1 Longitude. 


Local Greenwich 

Mean Time of Mean Time of Remarks. 
Signal. Signal. 


Floshing, Weicheren 


Diacs 61* 20' 33" N. i 3* 35' 48" B. 


H. M 8. h. M. S. 

I Mean noon. ll 45 36*8 A.M. 


Rotterdam . Diacs 61* 64' 80"*2 N. 4*28'50"*5E. 


__ .. _ On Tower of 

Mean noon. 11 42 4*0 a.m. Yacht Club 

Buildings. 


St Petersburg!! .... Gun 50 * 50 ' 30 " N. | 30 * 18' 20 " E. Mean noon. 9 5841 4 am. 

Nkelaav . Ball At the Observatory Mean noon. 9 52 4*9 aa 

Kronstadt. Ball 69* 59' 24" N. | 29* 45' 64" E. Mean noon. 10 00 50*7 A M. 

TrandhJem.. Drum Staff on roof of Observatory Mean noon. 11 18 11-8 A.M. 

Bergen . Ball N.E. corner of Observatory Mean noon. I 11 88 45 0 a m. Saturdays only. 


Christiania . Ball On roof of Observatory 


Mean noon. 11 IT « » *.». We ^S y and 


BaU 59* IO' 10" N. I 18* 4'42" E. 1 12 18*8 P.M. Mean noon. 


Gothenburg . BaU School of Navigation 0 47 62-0 Mean noon. 

Copenhagen .... .... Ball 55* 40' 42" N. | 12* 84'48" E. 1 00 00*0 P.M. 0 9 40*8P.M. 
Elsinore. Ball Entrance to Harbour 0 50 29*6 Km. Mean noon. 


Usbon. BaU Marine Observatory 1 00 00*0 p.m. 1 86 83*0 P.M. 


Cadls . BaU 86* 27'40" N. | 6* 12' 24" W. 1 00 00*0 p.m. 1 24 49*6 P.M. 


Dropped auto- 

Gibraltar .. Ball Signal Tower on Summit of Rock 9 88 84*2 a.m. 10 00 00*0 a.m. maticaUy by 

current direct 
fromGreenwich. 


Genoa.. Gun 


Fort Caatellado 


Mean noon. 11 24 18*6 a.m. 


Pola... and S.W. Bastion of the Harbour Mean noon. 11 4 86*5a.m. 

Gun Castle 


8 taff at end of Mole Mean noon. 11 2 18*1 a.m. 
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UNITED STATES, CANADA, W. INDIBS, AFRICA 


TIME SIGNALS— contmued. 


Plaoe. 

Signal. 

Position of Signal. 

1 Local 

Mean Time of 

Greenwich 
Mean Time of 

BlMilU. 


Latitude. | Longitude. 

SignaL 

SignaL 


Triette . 

BaU 

and 

N.W.sideof Lighthouse 

Port C&ptain’s Office 

H. M. 8. 

H. M. 8. 

11 4 68t A.M. 

11 1 66-0 A M. 

Enquire. 

4 68 1*7 P.M. 


Malfa. 

Gun 

BaU 

Mean noon. 

Enquire. 

Mean noon. 



BaU 


. T .. 

New York. 

BaU 

Western Union Telegraph Offioe, 
196, Broadway 

Error Of aay 
stated daUyfa 



NewYoU 



Equitable Life Aasurance Co. 

Exactly at every hour of G.M.T. 
tnroughout the dar. 

Harald. 

Philadelphia . 

BaU 

Union Telegraph Office, ^ 

Walnut Street 

Enquire. 

Enquire. 


Boston . 

BaU 

Equitable Life Assuranoe Co. 

Mean noon 

4 44 16*6 P.M. 

By Signal htm 
Harward Col¬ 
lege Ohwn» 
tory. 


BaU 

Naral Obserratory 

Mean noon 

6 18 IST P M. 

. 

8fc. John’s, 
Newfoundland 

Gun 

Near Block House on Signal 
HiU 

Mean noon 

8 30 43D P.M. 


St. John. 

New Brunswick . 

BaU 

New Custom House 

1 00 000 p.m. 

5 24 16*0 P.M. 


Quebec . 

BaU 

At the Citadel 

1 00 00 0 p.m. 

6 44 60*8 P.M. 

BaU dropped by 
electricity fron 
theObeeroiory 




Montreal . 

BaU 

Harbour Commissionen' 
Building 

Mean noon 

4 64 13-0 P.M. 

Ball dropped by 
electrtdty htm 
theObeerratory 


Paramaribo . 

Disc 

5* IV 30" N. | 65* V 64" W. 

Mean noon 

8 40 897 P.M. 

Main yard-ana 


of Guard Ship. 

Bermuda . 

BaU 

Ireland Island. Flagstaff on 
Western Jetty 

Mean noon 

4 19 26t P.M. 

Saturdayv oaly. 


8t Anne, Curacoa 

Red Sag 

12* ff 46" N. | 68* W 44" W. 

Mean noon 

4 86 46*9 P.M. 


Demerara .. 

Ball 

Flagstaff near General Post 
Office 

Mean noon 

8 62 46-0 P.M. 

Wedneeday and 
Satorday. 


8t. Paul de Loando . 

•• 

.. 

1 00 00 0 P.M. 

Enquire. 


Cape Coast Castle .. 

Ball 

6* 6' 25" S. 1* 12 / 05" 0 W. 

Enquire. 

Enquire. 
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TIME SIGNALS— continued. 


Warn. 

Aaoanskm. 

St. Helaa...... 

M ••••< 

Bio de Janeiro 

CapeTown* ... 


Simon’aBay .. 
AlgoaBay.... 

Port Alfred .. 

Bast London.. 

Durban, Natal 

Port Louis, 
Mauritius .. 

Melbotirne.... 

»i •••• 

»» •••• 

Adelaide .... 


SJgnaL 

Position of Signal. 

Local 

Mean Time of 


Latitnde. Longitude. 

Signal 

BaU 

Flagataff at Master’s Cottage, 
South ward of Hayea Hill 

h. m. a. 

0 2 180 P.M. 

BaU 

Jamea Town Valley 

Mean noon. 

t* 

Ledder Hill 

0 87 10 0 P.M. 

BaU 

Imperial Obserratory 

22 * 64' 24" S. | 48* 10' 21" W. 

Mean noon 

Gon 

On Imhoff Battery 

1 00 00*0 P.M. 

Gun 

Entrance of Alfred Dock 

Mean noon 

Disc 

84* 11' 80" 8. | 18“ 25' 46""0 E. 

0 50 48*3 P.M. 

Diac 

Lighthouse, Port Elizabeth 

1 28 84*6 P.M. 
Lady Donkin’s 
Monument. 

BaU 

.. 

1 83 410 r.M. 

BaU 

.. 

Enqulre. 

BaU 

.. 

Enqnire. 

BaU 

Signal Mountain 

1 00 00*0 P.M. 

BaU 

GeUibrand Point, Williamstown 

1 00 00*0 P.M. 

BaU 

Telegraph Office, Geelong 

1 00 00*0 P.M. 

Flag 

At Signal Station, Queenacliff 

1 00 00*0 r.M. 

BaU 

At the Semaphore 

1 00 00*0 P.M. 


Greenwich _ 

Mean Time of Rimarkü . 
Signal 


1 oo 00-0 r.M. 




1 00 00*0 r.M. 


2 62 41*4 P.M. 


11 46 6*8 A.M. 


10 46 6*8 a.m. See footnote 


The Diac Calla at 
11 46 6*8 A.M. 1 o’clock, Cape 
Obeervatorytxnu 

The Diac falle at 
11 46 6 8 A.M. 1 o’clock, Cape 
Obeervatorytxm» 


11 46 6*8 A.M. Do. Do. 


Knqnire. 


Enqnire. 


Monday, Wed- 
0 0 46*0 A.M. needay, and 
Friday only. 


8 20 6*2 a.m. 


8 20 6*2 A.M. 


8 20 6*2 AJf. 


8 46 80*0 A.M. 


• Trae Local Time ia also ahewn by a clock at dock entrance. It is controlled from the Obaerratory by 
electricity, and ia consequently eztremely usefnl for getting G.M.T. and for rating Chronometers. The first 
atroke of the bell in the clock tower may be reliea on aa a true signal of Local Mean Time. The Royal 
Obaerratory ia lh. 18m. 64*74a. East of Greenwich. 
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NEW ZEALAND, EAST INDIBS, AND CHINA, 


TIME SIGNALS —continued 


Place. Signal. 


Sydney, N.8.W. Ball 

Auckland ... 


Hobart Town, 
Taamania .. 


Position of Signal. 


Latitnde. Longitnde. 


Newcastle, N.S.W... 

Lyttelton, N.Z. 

Wellington, N.Z. 

Port Nicholson, N.Z. 

Bombay. 

Colombo. 


82* 6F W a | IST 48f 21" E. 


Flagstaff adjoining Master 


Fourth Point, Sunda 
Strait . | 


Surabaya, Rirer 
Kali mas. 


Shanghai . 

Hong Kong ... 


Local 

Mean Time of 
SignaL 

Greenwich 
Mean Time of 
Signal. 

H. M. s. 

1 00 00*0 p.m. 

H. M. s. 

SM 0*1 a.m. 

1 00 00*0 P.M. 

Enqtdre. 

1 00 00*0 P.M. 

8 10 86 a.M. 

1 00 00 0 P.M. 
Sydney M. time 

2 66 01 a.m. 

1 00 00*0 P.M. 

1 80 00 A.M. 

Mean noon. 

0 80 00 AM. 

Mean noon. 

Enqnire. 

1 00 00*0 p.m. 

8 8 44*8 A.M. 

1 00 00 0 P.M. 

7 40 84*0 a.m. 

8 00 00-0 A.M. 

2 89 0*7 A.M. 

2 00 00 0 P.M. 

8 89 0*7 A.M. 

1 00 00 0 P.M. 

7 6 41*8 A.M. 

Mean noon. 

4 62 46 3 A.M. 

1 7 13 7 P.M. 

6 00 00*0 A.M. 

Mean noon. 

4 60 281 A.M. 

Mean noon 

4 29 4*1 A.M. 

Mean noon. 

Enqnire. 

1 00 00 0 P.M. 

6 28 20 0 A M. 



Bepeated dz 
houra later. 


Or at any tim 
by Signal. 


Near New 
IAnding Pier. 


H.M.S. •• Victo 

Ernannel." 


I 


























CHAPTER XIV. 


SHAPING THE CO URSE. 

At first sight this seems a simple enough affair; and yet there 
are often, if not always, many matters of moment which require 
due deliberation before the actual Course to be stecred can be 
given to the helmsman. 

Until within a recent period, the Course was set to the nearest 
quarter point; and with short junks of vessels—which, especially 
when running, yawed a handful of points either way—this was 
near enough, perhaps; but the old “ three-handled serving mailet ” 
is fast disappearing. The high-pressure navigation of to-day Course now 
demands much greater precision; and, in large steamers at afi of™* 
events, the Course is now rarely given otkerwise than in degrees. 

Indeed, some of the new pattem compass-cards are so graduated 
as to leave it no longer optional. 

To the man unaccustomed to it, this steering to degrees seems 
tather absurd, as he is almost certain to regard it as a vain striving 
after the impossible. But when he discovers that, day after day, 
the long and finely-modelled vessels of present build actually make 
the desired Course, his unbelief gives place to astonishment, and 
he is fain to admit that the world progresses. 

To conduct a vessel from one place to another, when out of 
sight of land, involves a knowledge of the True Course, the 
Correct Magnetic Course, and the Compass Course. 

The True Course is the angle made with the meridian by a The True 
straight line on the chart, drawn to connect the ship’s position 0our8Ä * 
with the place bound to. This angle is readily ascertained, after 
the manner already described, by means of the Protractor, Field’s 
Parallel Ruler, or the common ebony one (the latter being used in 
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1 02 THE THESE KINDS OF CO URSES. 

conjunction with the true compass diagram on the chart) ; also by 
calctdation. 

The Correct Magnetic Couese Is derived frorn the True 
Course by applymg to it the Variation at place of ship, which may 
be obtained with accuracy from the Magnetic Chart of the World* 
Easterly Variation is applied to the left, and westerly Variation to 
the right of the true course* Thus, if the Trce Course is North, 
and the Variation is 20° Easterly, the Correct Magnetic Courkk 
would be N. 20° W. 

The Compass Course, or course to eteer, is found by applying 
the Deviation to the Correct Magnetic Course— Easterly to left, 
and Westerly to the right, just as you would with Variation. 
Consequently, when these two elements in the Course are of the 
same name, they are to be applied in the same direction, and 
vice versd . 

It is usual to spenk of Easterly Variation and Deviation as 
plus (+), and of Westerly Variation and Deviation as minus ( — ), 
Thus, if the Correct Magnetic Course is N* 20° W,, and the 
Deviation is — 20°, the Compass Course would be North« 

This manner of distinguishing the name of the Variation and 
Deviation by the plus and minits signs, though purely arbitraty, 
is convenient when one bas become accustomed to it Thus, in 
the exainple just given f we have North for the True Course, 
with + 20° of Variation, and — 20° of Deviation; since» as 
Algebraists are aw&re, these two quantitics neutralize each other, 
being equal in amöunt, but of opposite names, it is evident that 
the Compass Course must be North, or the same as the True 
Course* 

As a further Illustration, let the Trüe Course be N* 40' K, the 
Variation — dS° f and the Deviation *f 18°, Then, taking their 
ditference (being of controry names), \ve have — 20 3 as tho 
remainder; or ( in other words, the coTrectiön is 20° Wly. t which 
makea the Compass Course N* 60° E. 


Variation - 3S Ö Being of contrary camea* 

Deviation + 18° tahfl their dÜFerenee. 

Currtction — 20 Q Applyto the right, being Weatcriy, 


TltUl Oouese, * . . * N* 40° E, 

■ 

OoMPAsa Course . * * N, 60* E. 

The tyro inust guard nguiust the mistake of nslng the prefixes 
plus and mtnu# in their arithmetical sense, since in the proce&a 











CHANGE IN EARTÜ'S MAGNETISM. 


403 


just described, a minus correction, though subtractive in the S.E. 
and N.W. quadrants, is additive in the N.E. and S.W. quadrants.* 
To give a case where the Variation and Deviation have the. 
same sign, and consequently act in unison, let the True Course 
be S. 75° W., the Variation + 24°, and the Deviation + 16°; the 
Correction would be + 40°, making the Compass Course S. 35° W. 


Variation.+ 24° Being of same name add 

Deviation .+ 16° them together. 


Correction .+ 40° Apply to the left, being Easterly. 

Tbue Course .... S. 75° W. 


Compass Course . . . S. 35° W. 


In all iron vessels, and indeed in most wooden ones (since the 
compasses, even of the latter, are seldom altogether free from the 
influence of iron), the above "rendering down” of the True 
Course into the Compass Course is absolutely necessary. 

The navigating outfit of a foreign-going vessel is incomplete Magnetio 
without a Magnetic Chart of the World. The Admiralty publish <*&*** of th# 
one, giving single degree curves of equal Variation/f- and many, 
if not all, of their Ocean Charts give the curves for every fifth 
degree. On the first-named, which is now issued for the year 
1880, there is a chartlet shewing the annual change in the 
Variation. A knowledge of this change is important, as in many 
parts of the world it is very rapid, and after a few years the 
correction becomes quite a consideration. Thus, on the North Anm^ 
Coast of Ireland the Variation is decreasing at the rate of about ***• 

1° in ßeven years, which soon mounts up; and in the English 
Channel the rate is about 1° in eight years. In some localities 
the Variation is nearly stationary, and in others it is increasing. 

Pilots are not always acquainted with this peculiarity of terres- 
trial magnetism, and, in consequence, many of the old ones give 
Couröes which may have been the correct thing when tliey were 
apprentices, but are so no longer. For example, quite recently a Liabiiity to 
very experienced Channel pilot gave the correct magnetic bearing 
of the South Foreland lights when in one as W. by N., though in bsarings. 
reality it is now little better than W. \ N.; and on being told so. 


* The reader will remember thafc when the daily rate or the accumulated error of 
a Chronometer ia marked with the prefix +, it means that the one ie gainiog, and that 
the other i' fast, and not as an indication that they are qn an title« to be added, 
t These are termed u Lngonic Curves. 
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said he was certain he was right, as he recollected hearing it thtm 
given sin cs he was a boy, arid he was not aware that the light- 
houses had euer been movedfroni their original place#, 

Where there is a wide cxpanso of shoal water, and only a nar- 
row channel, half a poiut in tlnck weather or at night may just 
make all the difference between danger and safety, ln a run of 
ten miles it would throw the ship one mile out of her proper 
course. 

Certain cheap and useful aJmanacs, much in favour with 
eoasters, eontain tables of Channel Cottrses; bnt it is evident, 
from what has just been stated, that in a comparatively short 
time these tables must need revision, A man with a chart doea 
not rcquire such dry nursing, and a ship navigated without one is 
not safe, 

There are parts of the worid, also, where a trifling change in 
the ship s position means a comparatively largo change in th© 
nmount of Variation, These localities aro easily recognized on 
the Magnetie Chart by the crowding together of the Variation 
curves; and when the ships track happena to lie across these 
curves, it is neccssary to be more than usually careful with the 
compass courses. 

Between Nautucket and Cape Race, for examplo, a fast steamer 
will increase the Variation as much as 10° in a single day s run; 
and a want of due appreciation of this fact, through not having 
a Variation Chart, has probably been one of the causea whicb 
have led to so many cases of s trän ding in this neigh bourhoodL 
When shaping a course in such a locality, it is advisable to mensure 
ofl' on the Magnetic Chart the probable run doring the ensuing 24 
hours, and so ascertain the change which will take place in the 
amount of the Variation in that time; then alter course everv 
" eight bells" to the required extent Supposing the change of 
Variation in a day's run to be 6 C , it would b© properly met by 
altering the course 1° every four hours. This is a long vvay better 
than employing the mean value of the Variation at both enda of 
the ruu, and steering one course throughout, 

It is evident that if this last mentioned and more common plan 
should be pursuerl, the vessels track will be actually a curve 
instead of a straight line; and if the course should happen to be 
a ''fine 11 one, set to pass within a few indes of an outlying shoal, 
this loose manner of doing it might lead to diaaster in tkom cases 
rohere the convex or tmter aide 0 / the curve chanced to lie on U*e 
samc side as the danger. 
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Sometimes, when steering on a Great Circle track, the Variation 
accidentally alters in the same proportion as the Trüe Course, so 
that there is no necessity for changing the Compass Course as 
long as this condition prevails. 

The reader now comes to a point demanding special attention, B«tentive 
At first it may be a little difficult to understand, but its import- the poeaibie 
ance will not allow it to be overlooked. It has reference to this 
periodical changing of the Course in accordance with the increase 
or decrease o£ Variation as the vessel progresses, and the bothering 
effect of Retentive Magnetism. Many iron steamers bound to 
New York have got ashore at various times on the “Georges” 
and Sable Island, when those in command thought they were well 
to the SouthwarcL An unusual set of current generally gets the 
blame in these cases; the writer hopes to make it clear, however, 
that current was not neoessarily the cause of the stranding, though 
it may sometimes have contributed to it. A number of petty 
things, when acting in the same direction, will produce a large 
effect; therefore it is necessary to notice those which, taken by 
themselves, would be seemingly trivial. 

By Consulting the Magnetic Chart, it will be seen that the 
amount of Variation on the coasts of New England and Nova 
Scotia changes very rapidly in a short distance. Now a careful 
navigator would undoubtedly allow for this by steering a more 
southerly compass course as the Westerly Variation decreased; 
but he might lose sight of the fact that this change of course— 
small as it might be—would probably cause almost a proportion- 
ate increase in the Easterly Deviation of his compasses, and thus 
counteract the effect he desired to produce.* 

It has been shewn in a previous chapter that compasses, when 
under the influence of Retentive Magnetism , always hang back 
in the direction of the last course. Now, in vessels Crossing the 
Atlantic, this effect is very marked when, near the end of the 
passage, they come to be put upon Northerly or Southerly courses; 
and hadly placed compasses, which may be nearly correct, say on 
West, speedily acquire a large + error as the course is changed 
towards the South, and a — one as it is changed towards the 
North, on points where previously no error existed.f-* This error 


* Consult Towson, page 15, on this point 

+ Iron is now so mach used for deck fittings of all kinds, that it is often extremely 
difficult to hit npon even a fairly good place for the compasses. A subject of such 
vitei importante* however, should have the best attention of both owners and bnilders 
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if Critical 
Foints.” 


nmy grow witb such rapidity at every change in ihe course as 
very nearly to equal the amount of that change* and thereby 
frustrate its intention. 

The neutral line which separates the + and — Deviations con- 
sequent on Retentive magnetism* may be termed the "Critical 
point;” and, for Tmns-Atlantic steamers, it is about East going 
one way, and West when going the other. 

Near the termination of the Eastern paasage the retentive 
magnetism causes a minus error on Southerly coursea, and a 
plus one on Northcrly courses, Reverse this for a west-bmind 
ship. 

After a straight run of several days, it is not uncommon, when 
the com pass is badly placed, to find the Deviation increase fully 
half a degree for every degree of alteiation in the com pass 
course, For exarnple, on W. by & | S. (by corapass) let ihe 
Deviation be half a point easterly; but if the course be altered to 
W.S.W, (by com pass), the Deviation will probably increase to 
threc-quartcrs of a point. 

In the first case, the a dual direction of the ship's head (correct 
magnetic) would be W* by S.; and in the secood case it would be 
only W. by S. J S, (correct magnetic), or a quarter of a point 
more to the south ward* though by oompass appareutly half a 
Difflculty of point to the southward of the original eourse, This is ono of 
temviwoit the ßvils of a badly plaeed coinpass; and if, in addition 

to this drawback, the adjustment be of an indifferent character, 
the evil will be augniented; and when, to the direct effect of the 
Retentive magncfcism just lnentioned, is added the swing of the 
card produced by the incessant and perhapa violent niotion of the 
ship— which, in its turn, alloivs the magnetic disturbing force to 
act upon the needle at angles which are constantly varying —to 
make a good eourse is clearly a hopeloss matter. Under euch 
circumstances the unfortuuate Quartermasters too often get 
round ly rated for careiess steering, when the truth is, the best of 
hei ms men would be puzzled to keop the ships head straight on 
any course for even two minutes at a titne. 

It follows tbat the navigator, when liauling to the Southw&rd 
in the locality named, should bear in mind this tendency of the 
ship to hang to the West ward, and make ample allowance for it* 
accordiug to existing circumstances, If sun, moon» or stars be 

irha* iht i 4 bfwp iirAo mutier huw nkilfui the Ailju»tvr, ur b><« W*U 

mtd'i üic OMftpfta*» tha ImUer cannot mol if reck 1cm ly m Um 

viclmty »f Urg* IkmU*« irf m>jj, (Sc« chuptor on ) 


badly plaeed 
Oompaaa. 
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visible, azimuths will speedily teil him the true state of the 
case; but if these are not available, there is nothing like the Deep* 

Sea Lead , which, on the Eiastern coasts of the United States, may 
be depended upon as a reliable guide to avoid danger. 

We now come to Great Circle Sailing. Most people sturdily Great drei# 
refuse to admit that a curve joining any two places constitutes BAma *‘ 
a shorter distance between them than a straight line would; and 
in this they are perfectly correct, A straight line is the shortest 
distance between any two points; and it is because the opposite 
idea is conveyed—unintentionally, of course—by an imperfect or 
badly put explanation of Great Circle Sailing, that there are still 
sailors who refuse to believe in it; or if otherwise, it is solely 
because they have a vague idea that the distance is lessened on 
account of the degrees of longitude being shorter in high lati- 
tudes, forgetting that to arrive at these short degrees of longitude, 
additional degrees of latitude would have to be sailed over. As 
a matter of fact, the short degrees of longitude have nothing to 
do with it. When the Great Circle track is laid down on a 
Mercator’s Chart, and compared with a straight line* ruled between 
the same points, it certainly does seem odd to be told that the 
curved track is the shorter of the two, and that to sail on the 
straight line (as laid down on the chart) would be to go over 
unnecessary ground. 

The key to the puzzle lies in the fact already stated, that a 
chart on Mercator’s projection gives a distorted representation of 
the earth’s surface; and its construction is such, that the shortest 
distance between any two points on the globe is represented, not 
by a straight line, but by a certain curved line termed a Great 
Circle, which, if carried round the world, would divide it into two 
equal portions, and whose plane would in every case pass through 
its centre. The only exceptions to this rule are those where the Meridians * 
straight line on the chart happens to coincide with the equator, or ^ uator » 

. with a meridian, since both these are Great Circles in themselves. straight lines 
It follows, with these exceptions, that a straight line between any J^^wMch * 
two places on a Mercator’s Chart is always a round-about route, represent 
being more so in polar regions than in equatorial ones. öraat 01^cto, • 

Tbis is easily put to a direct and simple test by means of a 
good terrestrial globe, say two feet in diameter, and a general chart 
of the North Atlantic on Mercator’s projection. Let it be required 
to find the shortest possible distance between the lighthouse on 


This straight line is known m a Rhumb line, or Loxodromic Curve. 



4 o8 great circle saillvg. 

t!ie Island of Inishtrahul, off the north coast of Irelsod» and that 
Cm Belle Isle, at the entranne to the straits of the same name, 

On the glühe, at each of the places mcntioned, drive in a 
common brass pin, aml stretch a piece of fine silk thread tightly 
how to from one to the other.* Every one will admit readily enough tluit 

Groat^ircie ^his thread marks the shortest posslble road between the two 
on the gio&e. plaees; there ean be no douht of that, This, then, is the re- 
quired Great Circle traek, and if carried right round the globe, 
wo nid be found to divide it exact ly in half, Small CiRCLES, on 
theother h&nd, divide the earth into two umqual portions, aud in 
consequence, their planes camiot pass through its centre. Novr 
exainine the angle the thread inahes with the various meridiaus it 
Grosses, and in eneh easo the angle will be seen to be different, 
sheiaing that on a Ornat Circle live Tkue Coursk is con&inuafly 
altering , 

Noxt measure with care the exact latitude io which the thread 
cuts each of the meridiaus on the globe, and prick off on tim 
chart the several positions thus ascert&ined. Coimect them in a 
free-band by p: + ncil lines, and it will be seen that the nearest 
distance between Inishtrahul and Belle Is le is rep rosen ted on the 
ckart by a curve, di Hering very widely from the straight Hne 
to proxe that drawn between the two plaees on the same chart. Next, by way 
Gresu cncie P r °°f> try whafc the straight line an the chart looks like tvheti 
is tue Bhorteat immfmred to the globe: so just re verso the last process, and prick 
betweeßtwü off otl the globe the latitude of the straight line where it cuts the 
piac&i. meridians on the chart Drive in a pin at each such point; and 
from one to the other, and on their southorn or convex side, Stretch 
a second piece of thread, and it will be seen with half an eye that 
the straight line on the chart is actually a round-ahout one when 
laid down on the globe, Xliis will be made still inore apparent 
by removing the intermediate row of pins last inserted, when the 
second thread will beconie quite Black, which coukl not be the 
c&se if it had beeu the measure of the shortest distance between 
the plaees.'f* 

A ahip navigated on the straight-Iine course of the chart, 
never has her head in the exact direction of the port bound to 


* WhsLt tlu carpeiitem wheu they wisti to mark a iy atni^ht line bttwf*e 

two points f 

f For tho purpoee of actual de no nitrat iou on the globe, the diiUrae in tbi» eiempl» 
ii mtb*»r ntnell. The prmdple would bu beiter «hewn by * diniUr cumparitoo of tbe « 
Mcnenitir und Great Circle trAcke between C*pe Horn and the Cape of Gvud 
or (rum thu Utier plae® tu Hubert Town p 'rnamnida. 
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until it is in sight . On the other hand, a vessel’s head, when 
following the Great Circle track, is all the time pointed exactly 
towards the port bourtd to. If it were only possible at starting Tnw Gönnt 
to aee her destination from the masthead, and the ship was steered 
unswervingly for it, she would, in such a case, be sailing on the constantiy 
Great Circle between the two places; and it would be found by a changlnfir# 
series of azimuths, taken as the voyage progressed, that the True 
Co urse —or, in other words, that the angle her track made with 
the meridian—was continually changing, though the absolute 
direction of the ship’s head did not vary a single degree from first 
to last. But if the vessel were navigated on the Mercator’s Tn» Gönnt 
course, it would be seen that, at starting, her head pointed track 
considerably towards the equatorial side of the port bound t°, 
and only turned gradually towards it as the voyage progressed. 

Azimuths taken from time to time would shew no change in the 
True Course. 

This will, perhaps, be better understood from a consideration of 
the fact that the Mercator’s track cuts all the meridians at the 
same angle ; and since on the globe these meridians are not parallel 
to each other, it follows that, to enable this condition to be ful- 
filled by the ship, she must pursue a circuitous route. The saving 
in distance is not always the only advantage gained by Great 
Circle sailing. It often happens, in a sailing ship especially, 
that a foul wind, according to the Rhumb or straight line course, is 
actually a fair one. Raper says:— 

“ Indeed it is only on laying down the Great Circle, which alone 
shews the real direction of the port, that it can be decided whether 
the wind is foul or not for a distant port.” 

Take, for instance, the case of a vessel bound from Quebec to windward 
Greenock or Liverpool. The true course and distance by chart Sning lr01# 
from Belle Isle lighthouse to Inishtrahul lighthouse is N. 83° R, 

1,722 miles; but the distance on the Great Circle is 1,690 miles, 
or 32 less; whilst the course at starting is N. 63£° E., or 19i° more 
to the northward. Now, if a sailing-ship, on Clearing the Strait, 
has the wind at E. £ N., it would at first seem immaterial, on 
looking at Mercator’s chart, which tack she was put upon; but if 
placed on the starboard tack, she would lie up within 3 J points of 
the true direction of her port; whilst, if placed on the other tack, 
instead of approaching her port, she would be actually going away 
Jrom it 

. The following is a still better example of the advantage gained 
by Great Circle sailing. It is taken, by permission, from a first- 



BEUGEX'S EPITOME ÄND HIS 


dass practicid Epitome of Navigation, written by Captain William 
C, Bergen, of Sunderland:— 

u Given the ahip, aff Flieders Island, Bass Sfcrait* in lal 40° 0 S., long. 140® 
30' E, bound to Callao, in lat 12° 4' long. 77* 14' W. It is required to 
compare the Great Circle and Mercator** traeks. 


Example from 

Berg#na 

Epltonie. 


f 


To COMPARE TUE CoüRSES. 

The Mercator course is E by N. J N., and the first Great Ciivle courae ia 
$,E ( | E ; the difference, tberefore, is 4| pointa Suppte the wind to com© 
from E. by N. £ N. T that is, right ahead by the Mercator track, To a petmu 
ignorant of Great Circle saüing, it wernld appear a matter of indifferonce, so far 
as the wind was concerned, on whieh tack the vessel wem put Supprae on© 
vessel to be put on the atajhoard tack, and that she could make a courae good 
blx points from the wind, Then her eourse müde good would be N. | K t 
whieh differa from the Great Cirde coume 10| points, and the vessei wouI4 
lose 50 indes in the first 100 sailed 


Suppoee another vcssel to be put upon the port tack. Then her conrso 
made good would be S.E. | S., that is, within l£ points of the first Great 
Cirde courae, and ehe woidd gain 97 miles in the first 100 sailed. 

The two ahipa sail eacb 100 roiles, and one is 50 indes further from her 
port tbun wben she startet!; the other is 97 miles nearcr thaa when she 
started ; thus, in this case, making a difference of 147 miles in leas than one 
day f s saii in favour of Great Cirde sailtng. 

Agaiu, suppose the wind to come strong, say half a gale, from the N, j F* 
Then the vessel on the Mercator traek would lie her cour&e, but she wouM U> 
close^hauJed, and it would be necessary to reduce sail in Order to ease the 
vessel, so that ehe would be fürging ahead at the rate of from 1 to 3 m'dm m 
hour, and at the sarne time making from % to 4 points leewny ; but the vessel 
on the Great Circle trnck would have the wind on the quarter, she would carry 
double-recfed tüpsaüfi, mainsail, and jib, und would be goiug at the rate of 
from 6 to 8 miles an hour, 

Again, supjio&e the wind to increase to a heavy gale from the North, and 
cause a high sea Then the ship may run South untii the fury of the gale is 
spent, and she will at the sarne time gain 63 miles in the first 100 sailetL” 
***##**#*# 


To COMPARE TETE DlßTAHCES. 

The distance by the Mercator traek is 7321 indes, and that by Great 
Cirde is 6772 miles, whieh therefore is shortcr than the Mercator by 543 
miles, and it liierefore should be adopted, if polar regioas, land, sboafe, wmd% 
and currents will allow,” 


otmin When tbese two traeks are at their greatest point of Separation, 

occasionai tliey aro about 1500 miles apart, and it will be readily nnderstood 
Oreat ctrciV that this tnay mean & very different state of things in regard to 
winds, weather, and currents, This is strikingly exemplified ia 
the examplö just given, in whieh everything is in favour of the 
Great Circle tr&ek. 
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It is also ahewn on the route between Liverpool and Phila¬ 
delphia To follow the Great Circle track on tbis voyage, the 
vessel raust leave by the northern brauch of the Irish Channel, 
which, being shorter thau the other, is of course rauch sooner 
cleared» The time occupied from land to land by a fast steam- 
ship is less than five days» a circumstance in itself very reassuring 
to passeugers, who, when they see Cape Race, consider the dangers 
of the voyage as practica! ly at an end. The weather is un- 
doubtcdly less stormy, though perhaps a triflc colder than that 
experienced in the trend of the Gulf Stream* Should any 
rolatory gales be Crossing the Atlantic, the cfaanees are greater for 
the ship being on their casterly wind side. Fe wer vessels are 
tuet with, and consequcntly less rtsk of collision: and lastly, the 
adverse current of the Gtdf Stream Ls completely dodged by 
getting inshore of it at Cape Race* from which point, down in¬ 
su! e Sable Island, to the Delaware, tliere is nearly always a 
favouring current, arid much less sea in the North-West gales» 
Unforttmately this route, from the liability to encounter fog and 
ice at other seasons, is only safe du ring the late autmmn and 
Winter months* 

There are many tnodes of calculating the data for Great Circle 
traeks, but all are tedious, more or less j and it is veiy desirable 
that there should be soine graphic method of doing this, so m to 
enable the navigator to see at a glance whether it is practicable 
or not, also what winds and currents he may expect by following it 
This desideratuin h&s been well supplied by Captara W* C, Bergen, 
al ready referred to, who has receutly published a very admirabld 
seriös of Great Circle track Charta These are so constructed, that 
u straitjhi line drawn on thera between any two plaees, represents 
the required Great Circle track* 

Once satislied, by refcrence to these usefiit charts, of tbe advisa* 
bility of the route thereon indicated, the track should be trans¬ 
ferred for greater convenience to a Mcrcators chart of larger 
scale; this is usually done by measuring tho latitude of tbe 
straight line where it is intersected by the various meridians, 
and pricking off 011 tbe working sheet the points thua ascertaraed* 
When the meridians are only drawn nt every lOth dogree oE 
longitude, this is scarcely sufficient for accuracy; in which casc the 
latitude and longitude of the line, at na many Intermediate points 
as may be deemed necessary, should be determined and transferred 
tu the sarae mariner* By eonnecting these points in pencü, the 
Great Circle track, as shewri on a Mercatar's chart, is at onco 
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RECIFROCAL HEARINGS NOT IDEN TIC AL. 
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obtained, and that, too, by a very simple Operation, which need 
not occupy rnore than a few minutes, and is familiär to every one, 
A protractor of novel construction is supplied with each ehart, for 
iaying off the course at any pari of tbe route; and the instructiona 
for Hs use are very ptain, so that the navigator can please him- 
seif as to how he does it. 

The principle upon which Captain Bergen bas conatruefced his 
charts has been fully endorsed by the late Astronomer-Roya), and 
other eminent matheroaticians. For Iaying down Great Circle 
tracks, it may be said with confidence that there is nothing half 
so handy ns these charts, and their very low price places thein 
with in reach of all. 

Another important point in comiection with this subjeet here 
presents itself. It must not be overlooked that, as the Great 
Circle track is the shortest posaible, there must be another mi ite 
polar side equal in length to the Mercator s track; so that, if from 
any cause it should be deemed expedient to adopt this last route, 
or if forced on to it by head winds or obstruetiona, it is conaoling 
to knovv that, though to the eye it is apparenlly a terribte round, 
such is not really tbe case, or, at all events* that it is not tnore so 
than the Mercator course, 

One lesson to be derived from the foregoing is, that when in 
donbt for the moment as to the tack to go upon with a head 
witul, uo very great liarm can be done by putting the vessel on 
the one which lies on the polar eide of the Mercator course. 

The principle of Great Circle sailing may be made yet plainer 
by a consideration of the following ease. Suppose three very 
lofty mountains—each 100 miles apart from the other—to be 
situated in some high l&titude, such as Scotland, or Tierra del 
Fuego; and that an observer on the most eastem summit found 
that all three peaks lay preciscly in the aame straight line; and 
that the true bearing of that line, as measured from his &w% 
meridian, by careful theodolite obaervatious of the hcaveuly 
bodies, was eJMctly West (90 ). If this same observer next 
nuüai cQUFMa ascended the most Western peak, he would of course find* on 
looking back, that the three mountains were still in line as befoce; 
but on taking theix trm bearing from this new position, he would 
now diseovcr that instead of its being duo East—tbe exact revem 
of what he obtained at the first Station—it would be about £ 2 j' 
N* The explanatiou is, that each bearing was measured from 
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a different meridian ; and as these meridians on the globe do not 
rnn parallel to each other, like they are made to do in the con- 
strnction of a Mercators chart, it follows that the true bearings 
could not possibly be the reverse of each other, as one unlearned 
in such matters would imagine they ought to be. This accounts 
for the courses at each end of a long Great Circle track bcing so 
very different to each other. 

In the comparatively short one between Belle Isle and Inish- 
trahul, the true course at starting from Belle Isle is N. 63$° E.; 
but the true initial course from Inishtrahul is N. 77° W. On the 
other hand, the construction of Mercators chart is such that the 
true course between any two places is the same as starting as at 
the finish, or at any intermediate point In the case just men- 
tioned, it is N. 83° K in the one direction, and S. 83° W. in the 
other. 

To revert to the three mountains: If the observer were a sur- 
veyor, and it was his duty to lay their positions down on a 
Mercator’s chart, he would first ascertain very accurately the 
latitude and longitude of each, and then prick off these positions 
on the chart. 

One not acquainted with chart construction would suppose that, Mercator’s 
if in nature the mountain peaks existed all in the same straight 
line, they would do so also on the chart; but it would not be so. oweete in 
If correctly laid down according to their ascertained latitudes 
and longitudes, they would form a curve, the centre one lying posittoni. 
considerably on the polar side of a straight line joining the 
other two. 

This again goes to prove that the Mercator’s chart depicts falsely 
the geographical features of the earth, but here disparagement 
ends, for of all the known projections it is the one best suited to 
the general requirements of the navigator. 

By Bergen’s charts, Composite Great Circle sailing is rendered 
quite simple ; they have, moreover, the advantage of shewing at 
once whether the preference should be given to it or to the strict 
Great Circle. A pamphlet containing a full explanation of the 
different applications of Great Circle sailing accompanies each 
chart. But all this is somewhat of a digression, and we must re- 
tum to the subject which has given a title to this chapter. 


son’t nys in the required direction, the reciprocal true bearings of Mount Helena and 
Mount Shasta were easily obtained, though the observers were 192 miles apart. This 
le the longeet Connection of the kind yet made. 
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To allow for a known current or tide when shaping a course, is 
only an application of the “Composition of Forces.” In tlie 
parallelogram RGSG, the direction SR, in which the ship is steered, 
gives one component; the direction of the current SG is another; 
and the course made good SG is the resultant. 

Let P, the port, bear N. 35° E. from &, the ship, whose rate of 
sailing is 8 knots per hour : let the arrow represent the direction 
of a 3-knot current setting S. 77° E. From S lay off on the 
arrow the hourly drift SO, taking the measurement from any 
convenient scale, say half an inch to the mile. Using the same 
finale, take in the dividers the vessel’s hourly speed; and placing 
one foot at C, the other will fall upon the line SP at the point G. 
Draw the dotted line GC, and rule SR parallel to it: also dot RG 
parallel to SC. The Parallelogram is now complete, and its 
opposite sides are equal to each other. 


Current 

SaiUnf. 




By steering in the direction SR = N. 14’ E., the vessel will 
make good her intended course SP, and keep the port all the 
time on the same line of bearing. So long as the angle GSC is 
le88 than the angle GCS, the current is favouring the vessel—in 
the present case to the extent of half an knot an hour. The 
figure need not necessarily be drawn on the face of the chart; the 
back, or any spare piece of paper, will do equally well; and the 
scale may be anything that is desired. Should the chart scale be 
employed, it will generally be necessary to multiply the vessels 
speed and the drift of the current by some convenient factor— 
say 5—so as to get a good working size for drawing tho figure. 
If 5 be used, the side CG will equal 40 of the chart scale, and the 
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ade SC will equal 15 of the chart scale. A protractor, or Field’s 
parallel ruler, can be used for laying off the angles. 

From a consideration of the diagram it will be readily seen 
that a fast vessel in channel, when running between any two 
points, is not so much inffuenced by tide as a slow one. 

In making up the reckoning, leeway and heave of the sea must Leeway, and 
be allowed for according to judgment, as it varies in different 
vessels according to their build; and in the same vessel according 
to her draft and trim for the time being. It depends also npon 
the amount of wind and sea, and the sail carried, so that no fixed 
rule for estimating it can be laid down. The leeway table one 
usually sees in books on Navigation is therefore but of little value. 

There is, however, a somewhat important matter to be con- 
sidered in connection with leeway. Suppose a vessel, on a wind 
heading N.W. by N., under short canvas, and looking up within 
3 points of her port, which accordingly bears north; but, owing to 
its blowing hard, she is making 2£ points leeway. Clearly this 
vessel is only making good a N.W. by W. £ W. course, which is 
5J points from the direction of her port. Let her speed under 
these conditions be, say 4 knots per hour. Now if the yards be 
checked in a point or so, and the vessel be kept off N.W. by W., 
she will slip away much faster through the water, and probably 
will make not more than half a point leeway. This keeps the 
course made good exactly the same as before, with the advantage 
of increased speed. Therefore, if you can possibly avoid it, do 
not allow your vessel to sag to leeward by jammingher up in the 
wind. Keep your wake right Astern, unless it be found from 
the bearing of the port that the course made good is actually 
taking the vessel away from it, in which case it is obvious that 
the less the speed the better. 

In steamers it is often a matter for consideration whether, by 
keeping away in a head wind, and setting fore-and-aft canvas, steamer&way 
the increased speed will compensate for the extra distance sailed 
over. It may be accepted as a fact, that by keeping away in full- 
powered steamslups, there is no advantage gained under ordinary 
conditions of wind and sea. Generally, now-a-days, the sails of 
large steamers are so disproportionate to the size of hüll, that 
their propdling effect is but trifling, though their steadying effect 
may be considerable. 

When blowing a gale, however, with a heavy head sea smother- 
ing everything fore and aft, it is probably advantageous to ease a 
fast steamer by keeping off sufficiently to get the fore-and-afters 
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to stand with the booms nearly amidshipa By this means she 
would take the sea more kindly, and the canvas would keep her 
side down, but she would probably lose in the matter of nearing 
her port On the other hand, in an under-powered boat of small 
or moderate size, it would undoubtedly be a gain to assist her 
with canvas. Against a strong wind and head sea such vessels 
will do absolutely next to nothing. In addition to want of 
power, their propellers are too near the broken surface water; 
and being short vessels, they “ race ” heavily in a head sea, which 
necessitates shutting off steam just at the time it is most required. 

In the long deep draught vessels of the trans-Atlantic lines, 
pitching is reduced to a minimum, and the screw, from being 
well immersed, has a good grip of the water, and is better able 
to stand up to its work. When a steamer is thus kept away 
under sail, and a port is not far distant, a point will be reached 
when, to avoid losing ground, it will be necessary to haul up and 
steer directly for it The seafaring Community are indebted to 
Captain W. B. Duncan, of the Marine School, South Shields, 
for the investigation of the rule for what he proposes to call 
Triangulär ‘‘Triangulär Sailing.” By permission it is here inserted nearly 
BaUin ^' verbatim from Bergen'8 Epitome. 


P 
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In the above figure, lct S be the ship’s place, P her port; let th^^ 
arrow denote the direction of the wind, PSA the angle that thm*~ 
ship must be kept away in Order that the sails may pull ; A th^ 
place where the ship must l>e haulcd up direct to her port; 
its bearings at that time ; and let the rate of speed in the directiow" 
SP, SA, and AP, be respectively 5, 8, and 5 knots an houi - 
then we have the following 
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Rule. 

Pui fche rates of sailing in the form of a vulgär fraction, of 
which the numerator is the lesser rate, and the denominator the 
greater rate reduce this fraction to a decimal, find the angle of 
which this decimal is the natural cosine. It will be the angle 
PAB between the ship's track, SAB when she is kept away, 
and the bearing of the port AP at the time she ought to be 
hauled up for it. 

Taking the preceding rates, we have by the rule f = *625000, 
which is the natural cosine of 51° 19', that is, points roughly. 
Let the ship be on the starboard tack, and her course SAB 
when kept away W.S.W.; then N.W. x W. \ W. is points from 
W.S.W., and is therefore the bearing of the port when the ship is 
hauled up for it. 

To FIND THE POINT A ON THE CHAKT. 

Through S, the ship’s place, draw SAB, to represent the course W.S.W.; 
and through P, the port, draw PA, the bearing N.W. x W. } W. The points 
where these two lines intersect will determine A. The distances SA and AP 
can then be measured, and the time of going these distances comp&red with 
the time of going the distance SP. 

By Calcülation. 

Referring to the figure : In the triangle APS, let SP = 100 miles; then, by 
Trigonometry, 

SA : SP:: sine P: sine A. 

AP: SP:: sine S : sine A. 

Let the angle S =2 points ; then the angle A=PAS=180°-PAB=180'- 
61° 19'= 128° 41'. 

And the angle P= 180° - (A + S)= 180° - (128° 41' + 22° 30')=28° 49'. Hence 
we have as follows :— 

To pind SA. To find AP. 

Angle P 28° 49* - Sine 9*683055 ^ Angle S. 22° 30' - Sine 9*582840 

Angle PAB 51° IO' Cosec. 0 107565 [ Add Angle PAB5 1° 19' Cosec.0*107565 

SP 100' - - - - Log. 2 000000) SP 100' - - - - Log. 2*000000 

SAßl'IS - - • Log. 1*790620 AP49'02 - - -Log. 1*690405 


• “ A Fraction is a quantity which represents a part or parts of an integer or whole. 
A Vulgär (that is, a common) fraction, in its simplest form, is ezpressed by means of 
two numbers placed one over the other, with a line between them. The lower of 
these is called the Denominator , and shews into how many of equal parts the whole is 
divided ; the npper is called the Numerator, and shews how many of those parts are 
taken to form the fraction. Thns, f denotes that the whole is divided into fonr 
equal parts, and that three of them are taken to form the fraction.**— Oolknso. 

2 D 
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TRIANGULÄR SAILING. 


To find the Time saveix 

MILB8. KirOTt UOURS. 

SA 6175 -5- 8 = 772 

^49*02 *5* 9*80 

17*52 

SP 100 -T- 5 = 20*00 

Time saved =* 2'48 that ia, nearly 12$ per cent 

Nona.—(1) If a change of wind occur, the chances that it will be in faroor of the 
ressel are aa 16 to 8. (2) If the wind be blowing so hard that a smail-powered veaeal 

oannot steam against it, tack her when the port is right abeam. 



CHAPTER XV. 


THE DANGER ANGLE, AND CORRECT DETERMINATION OF DISTANCE 

FROM LAND. 

As laid down in a previous chapter, every captain and officer on Aoqualntanoi 
board ship should keep a note of the height of the eye above the 
load-line corresponding to the bridge, upper, and main decks. If nsefui ln 
this be known for any given draft, it is, of course, easily ascer- SSSnoe! 1 * 
tained for any other. Such Information is useful, not only for the 
correct application of the “ Dip” in every-day sight taking, but it 
is of importance in arriving at the approximate distance from a 
bcacon light when it first pops into view above the horizon in 
clear weather.* It also affords a ready means of estimating by 
eye alone the distance of an object, by referring its water-line to 
the sea horizon. 

The distance of the visible horizon depends mainly upon two 
things, namely, the curvature of the earth’s surface, which is 
constant, and the height of the observer’s eye, which, of course, 
varies with circumstances; and this distance happens to correspond 
approximatdy to the square root of the height of the eye, “ an acci- 
dental relation ”—as Raper puts it—“ easy to remember.” Thus, mgUom of 
if the height of the eye be 25 feet, the distance of the visible sea 
horizon will be about 5 nautical miles: if the height of the eye be 
36 feet, the distance will be about 6 miles, and so on. 

To get a more exact result, multiply the square root of the 
height in feet by 106. 


• By Beacon light is meant any one of the rarioui ooast light» ezhibited for porpoees 
cf navigation. 
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The general tendency, however, of terrestrial refraction is to 
throw up the horizon, and slightly increase the distances thus 
obtained. 

If an observer, whose eye is elevated say 16 feet above the 
sea level, is passing a small island, rock, ship, or other object, 
whose water-line appears one unbroken continnation of the sea 
horizon, he knows that his distance from it is rather more than 
four miles. If the water-line of the object appears necurer to him 
than the horizon, he knows that the distance must be lese than 
four miles: and if the water-line is invisible, and consequently 
beyond the horizon, he knows it must be greater than four miles. 
Indeed, by ascending or descending tili the water-line of the 
object comes on a new horizon, corresponding to the altered level, 
it is possible to make a very fair shot at the actual distance. 
Distanoe from Similarly, in clear weather, when a beacon light first shows 
BMoen Light j^lf above the horizon, the approximate distance from it may be 
found as follows:—take the square root of the elevation of the 
observer’s eye, and the square root of the elevation of the light, 
both in feet. Add them together, and you have the distance 
required. Let the eye, for example, be 16, and the light 169 feet 
above the sea level. The square of 16 is 4, which, added to 
13, the square root of 169, gives 17 nautical miles as the approxi¬ 
mate distance of the light when first sighted.* (Do not forget to 
note the time , and the greater the speed of your ship the more necessary 
is this eaution). 

The following table, in which refraction is taken into account, 
gives a still closer approximation. 


* What is her© atated refers only to auch lighta (lat and 2nd order) aa have sufficient 
power to be aeen at distancea corresponding to their elevation. It ia neoeaaary to 
diacriminate between the Luminoiu ränge and the Gtographical ränge ; the one dopende 
upon the power of the light, and the other upon its elevation. For example, the 
light on San Lorenzo Island, Callao, haa the absurd elevation of 980 feet, whkti 
ahould give it a ränge of 41 miles, but it is such a poor affair (1880) that 10 or 12 
miles is about its outside limit of visibility. On account of greater liability to 
obscuration by fog or miat ha n ging over hill-tops, 200 feet should be the maximum 
elevation for beacon light«, but peculiarities of position sometimes forct engineers to 
place thcin higher. 
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Table of Distances, by Alan Stevenson. 

TabU of Distances at which otyects can be seen at wo, according to their 
respective elevations , and the elevation ofthe eye ofthe observer. 


Height» 

in 

feet 

Distances in 1 
geographical 1 
or nautical 
miles. 

Heights 

in 

feet 

Distances in 
geographical 
or nautical 
miles. 

Heights 

in 

feet 

Distances in 
geographical 
or nautical 
miles. 

5 

2-665 

70 

9*598 

250 

1814 

10 

3*628 

75 

9*935 

300 

19-87 

15 

4*443 

80 

10-26 

350 

2146 

20 

5*130 

85 

1067 

400 

22-94 

25 

6736 

90 

10*88 

450 

24*33 

30 

6*283 

95 

1118 

500 

25-65 

35 

6787 

100 

11*47 

550 

26-90 

40 

7-255 

110 

12*03 

600 

28*10 

45 

7-696 

120 

12*56 

650 

29-25 

50 

8*112 

130 

13*08 

700 

30*28 

65 

8*609 

140 

13*57 

800 

32*45 

60 

8*886 

150 

14*22 

900 

3454 

66 

9*249 

200 

16*22 

1,000 

36*28 


Examflb : A tower, 200 feet high, will be visible to an observer whoee eye 
iß elevated 16 feet above the water, 21 nautical miles ; thus, from the table: 


15 feet elevation, distance visible 4*44 nautical miles. 


200 


n 


16-22 


20*66 


To check Light ranges by this table is always advisable, as it 
not unfrequently happens that books and charts give this item 
very incorrectly; and in any case it is manifest, from what has 
been said, that the ränge must depend upon the varying height of 
the observer’s eye—whether he be on the lofty bridge of a large 
steamer, or on the main deck of a small vessel. 

In the Admiralty Light List of the British Isles, the ränge is 
calculated for a height of eye of 15 feet, the elevation of the Be&oon light 
lights themselves being in all cases taken as above high water . 

To remember this last point is of importance where the rise and wo« lsvsL 

fall of tide is considerable—as, for example, in the Bristol Channel, 

the Bay of Fundy, or the Gulf of St. Malo. With a tidal ränge 

of 30 feet, there would be a difference of six miles in the visibility 

of a light, according as it happened to be high or low water at 

the time of observation. Low water gives the greatest ränge of 

visibility. 

The ränge of the Cies Island light, ön the coast of Spain, is 
given at 20 miles, but the writer has often seen it at 33 miles. 




Nec^salty for 
checklag 
Light Ranges 
t>y the Dl»’ 
tance Table. 


VlBlbtUty of 
LlghtB unduly 
increased by 
Abnormal 
rofractloiL 


One bearlng 
and a hört- 
»ontal angle 
gi?e a bettcr 

,k Hr*' tbau 

Crovi 
Be arte ge. 


EFFECT OF REFRACTWN ON LIGHT RANGES 


Reference to the table will shew timt the latter is the distance at 
which, if it is a Ist Order light, it ought to he visible to an 
observer elevated 25 feet, sinee its own height above tlie sea levtl 
is C04 feet Nfow, there is a vast d liiere nee between 20 and 33 
miles, and in many cases a departure, based upon such incorrec t 
data, wonld lead to grief. 

After all, even when every care has been taken, this mode of 
gctfcing at the distance of lights by their presumed ränge is but 
guess*work. A great deal depends upon the deamess of the 
atmosphere, and more still upon the vagariea of refraetion. Für 
this latter it is impossihle to make a correct allowance, and its 
effect is sometimes very startling, 

At the commenecment of the yeur 1881, the writer, then in 
command of the (s,s.) "British Queen” on her first voyage, was 
astonished, when inaking the American eoast, to see—a full botir 
and a quarter before the proper time—a light, which, from its 
characteristics, could bc no other than Cape May, unless, indeed, 
so me alteration had beon made of which he was not awam As 
the vessels position had been determined with great aecur&cy 
only a couplö of hours previouely, both by stellar observationa 
and ßoundings, the unexpected appearance of this light was, for 
the moment, quite pimlmg. When in doubt, the trump card to 
play in a case of this kind is to stop , which was done forthwith, 
and a caroful bearing of the light taken by Standard compasa, the 
Deviation on the course then steered being well known from 
previous observations, Wbilst busy getting a cast of the lead, 
the officer of the watch reported the sudden appearance of a fixed 
light on the starboard beam, Both lights shone with brilliancy. 
To get the correct bearing of this new light the horizontal angle 
between it and the first one weis measured by sextant, 

This mode of doiny it was rendered all the more ne&esmry as 
the vesseTs head had fallen off in the meanwhite to a point of the 
eompass ujx>n which the deviation was only imparfectly known, 

The sbip's place was first laid off by the course and distance 
in ade since the “fix“ by stars, and the sotmdinga on the chart 
were found to tally exactly with the cast just taken. 

To make assurance doubly surc, the North * was next obenred 
for latitude, which also agreed. There could, therefore, be but 
little donbt as to the vessels true position, Assuming the lights 
to be those of Abseeom and Cape May, their bearing% which 
crossed at a good angle (69°), were then laid down, and intersected 
rnost exactly at the position assigned to the ship, which of cotirse 
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was conclusive; so the engines were st&rted ahead, and the course 
was resumed. From this point to Cape May the distance was 35 
miles, and to Absecom 29 miles. 

The first-named light is 152 feet above the sea level, and should 
not have been seen furtber than 21 miles; whilst Absecom is 167 
feet, and should not have been seen further than 22 miles. In 
fifteen minutes, however, owing to some atmospheric change, the 
lights gradually lost brilliancy, and at last vanished altogether; 
and it was not until the vessel was some miles inside the ordinary 
ränge of Cape May light that it reappeared, although we were 
steadily approaching it all the time. In due course the Five- 
fathom Bank lightship was sighted and passed, and the position 
of our own vessel at time of stopping fully confirmed. The river 
was full of ice at the time, and this may have had something to 
do with it. 

Some years previous to this occurrence, the writer saw the flash 
light on Sankaty Head at a distance of 38 miles, or 17 miles out- 
side its usual ränge. In both these cases abnormal refraction had 
temporarily lifted the lights above the horizon, and made them 
visible at a point where, under ordinary conditions, such a thing 
would have been impossible. The reverse of this phenomenon 
occasionally happens. 

This goes to shew that extraordinary departures from the 
general rule will sometimes occur, and points out the necessity 
for extreme caution; also the value of an independent check 
in cases where any error might lead into danger. There is no 
other profession whose members are obliged to be so constantly 
on the alert against accident brought about by freaks of nature, 
rendering unreliable the very materials they have to work with. 

If a vessel be provided with a good Azimuth Compass, the On first 
horizontal angle between the ship’s course and a beacon light on 
its first appearance, can be used to determine the approximate dis- distance sbip 
tance at which the latter will be passed when abeam, providedSmit* 
always the same course be steered and made good. Having ascer- 
tained by the ränge tables the distance of the light, open the 
traverse tables at the given angle, and, with this distance in its 
column, take out the corresponding amount in the departure 
column, which will be the passing distance required. 

Suppose a vessel to be steering North by compass, and on the first 
appearance of a beacon light its bearing is taken as N. 16° K, and 
its ränge calculated at 20 miles. Open the Traverse Tables at 16° 
and in the departure column will be found 5£ miles, opposite 20 
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in the distance column. Bnt the navigator should not rest content 
with such an assurance, since tide or current, leeway or bad steer- 
ing, might altogether falsify it. 

For an Observation of the kind here referred to, Sir William 
Thomson’s Standard Compass is invaluable, as it is provided with 
what is in all respects a most perfect little instrument for taking 
accurate bearings by night or day. Friend’s Pelorus is also good, 
and has the advantage of being portable, so that if the object of 
which the bearing is sought should be concealed in one position, 
the Pelorus can readily be moved to another. It has already been 
said that there should be a proper stand for the Pelorus on each 
side of the bridge. To use it for this purpose, clarap the lubber 
line to the course steered, and at the instant that an assistant inti- 
mates that the vessel is exactly on her course, take your bearing 
by Pelorus. 

As the light is approached, a more accurate method of getting 
its distance when abeam becomes available. 

It is known as “ Distance by Four-point Bearing.** This method 
recommends itself to favour from its extreme simplicity and com- 
parative accuracy. It is as follows:—When the light or other 
fixed object bears by compass four points (45°) from the course, 
note the exact time by watch or clock, and again do so when it 
bears on the beam, or 90° from the course. The distance run by 
the ship in the interval is the distance of the object when abeam. 

For example, let a ship be steering North by compass, at a speed 
of 14 knots per hour. At 9*00 A.M. a lighthouse is observed to 
bear N.E., and at 9 30 it bears East. In the interval of h&lf-an- 
hour, the ship ran 7 miles, which, accordingly, is her distance off 
the lighthouse when abeam 
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8 is the position of the ship at 9 o’clock, when L bore N.E., or 
4 points on the bow. 

A is the position of the ship at 9*30, when L bore dne East, or 
on the beam. 

The line SA is the ran in the interval, = 7 miles, and represents 
latitude. The line AL is the distance of the lighthouse when 
abeam, = 7 miles, and represents departure. 

To prove this, open the Traverse Tables at the angle 45°, and 
the latitude and departure will be found equal to each other. 

Should it be required to know the ship’s distance from the light¬ 
house at the time of its bearing 4 points aba/t the beam, recourse 
must be had to the Traverse Tables; and in the distance column, 
under the angle of 45° will be found the required information. 



Thus, the ship having sailed on for another half-hour, = 7 miles, 
at which time L bore S.E, or 4 points abaft the beam, her distance 
from it would be 10 miles, and would serve as a departure. 

This 4-point method of ascertaining distance is most convenient 
in practice, as the very trifling calculation required can be per- 
formed mentally without leaving the deck, and needs no reference 
to the chart. It is manifest, however, that it cannot be considered 
rigorou8ly exact, since either the speed or the course (upon both 
of which it depends) may have been influenced by tide or 
current. Still the method is a good one, and the practice of it 
on all occaaions should be a standing rule. Indeed, it often 
happens—at night especially—that no other method is available 
which does not depend upon the same principle. 

It often happens, also, that a light or other fixed object is not 
visible tili nearly abeam. In such cases the 4-point method is 
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not available, but the approximate distance of the object can be 
fonnd as follows:— 

Note the time carefully when it bears exactly 1J points (14°) 
before the beam, and again when it has the same bearing abaft 
the beam. Twice the distance ran in the interval is very nearly 
the distance of the object when it bore exactly on the beam. 

E kample. 

At 9 o’clock a light bore 14° before the beam; at 915 it was 
abeam, and at 9*30 it bore 14° abaft the beam. Ship steaming 12 
knots per hour against a 2-knot tide or current Required the 
approximate distance from the light at 9*15 when it was abeam. 

Answer .—10 miles, which is double the distance the ship made 
over the ground in the interval between first and last bearing. 


Pilots, in the absence of definite leading marks, are in the habit 
of judging their position by what tbey term “the rake of the 
eye ”—a loose plan, which, to say the least of it, is unsatisfactory, 
since no three individuals on board ship will agree in their estimate 
of distance or of height, and, at times, appearances deceive even 
the most experienced; so that, under certain conditions of coasting, 
exact methods become a necessity. Fortunately there are such 
methods; and the opportunity for employing them is both greater 
and less troublesome than is generally supposed. Comparatively 
few men are aware what a powerful ally they possess in the 
Sextant for the determination of distance, and to enable them to 
fix a ships position with all needful precision when in sight of 
land. Judgment may be at fault—for man is not infallible ; but 
angular measurements are reliable matters of fact 

In the chapter on the Station Pointer, it was shewn how two 
simultaneous horizontal angles, subtended by three well defined 
objects, gave an exact “ fixalso, how an angle between two objects 
in transit and a third, was equally good, if not better. In these 
cases the angles measured are horizontal ones; but it is now pro- 
posed to shew that vertical angles, combined with a compass 
bearing or not, as the case may be, will fulfil the same purpose, 
and sometimes be available when the others are not. 

On the Admiralty charts, the heights of all beacon lights are 
given, as well as those of most of the islets, rocks, hills, cliffs, and 
mountains along a line of coast. Each of tle>e, then, are avaih 
able as bases in a right-angled triangle, by which to determine 
their distance; but when the vertical angle is small, and the dis - 
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tance considerable, the angle must be measured with all possible 
accuracy. To do so, the sextant telescope should be employed, and 
the angle observed both “ on and off ,, the arc. The mean of the 
two readings will then be free from index error. But if the 
object be near,—say a lighthouse on the edge of a cliff, about a 
mile or so away,—it will be sufficient to measure its altitude 
in the usual manner, and apply the index error previously 
determinecL 

The divisions of the limb of every sextant are continued for a 
few degrees to the right of zero, and this is known as the “ Arc of Are of ezooss. 
excess.” For example, suppose it were required to measure the 
vertical angle between the summit of a distant mountain 
and the sea horizon underneath it. This is a case in which, un- 
less the ship were steering directly towards or from the mountain, 
the angle would alter very slowly, and is one where the "on and 
off” reading should be employed. By moving the index bar of "Oa and off” 
the sextant forward from zero, the reflected image of the summit men t. 
would be brought down to the actual horizon, as seen directly 
through the horizon glass, and the reading would be made in the 
ordinary way. Starting again from zero, and moving the index 
backwards, the reflected image of the horizon will be brought up 
to the actual summit of the mountain, as seen by direct vision 
through the horizon glass. 

To get the value of the angle in this last case, both the limb 
and the vernier must be read from left to right. Suppose the 
sextant limb to be divided to 10', the 10' of the vernier would 
have to be* considered 0' or zero, the 9' taken as 1', the 8' as 2', the 
7' as 3', and so on. A little practice will soon overcome any 
difficulty which may at first be experienced in doing this. To 
utilise quickly the vertical angle, and to render the method 
complete, a set of tables is necessary, so that the required distance 
may be taken out by inspection. 

There is a handy little book by Captain A. B. Becher, R.N., Becher’i 
(published by Potter, the Poultry, London), in which the angles 
are calculated for heights from 30 to 280 feet, and distances 
varying from a cables length to four miles. The small compass 
of this book, however, only fits it for use where the object of 
which the angle is measured lies at a less distance than the 
visible horizon. The author's intention was that it should be 
employed more particularly in experimental squadrons, for finding 
the distance of one ship from another by her masthead angle. 

To give a wider scope to this vertical method, the writer has 
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published an extended set of somewhat simil&r Distanoe Tablee^ 
in which angles are given for heights from 50 to 18,000 feet, and 
distances from a tenth of a mile up to 100 milea Part L of the 
Tables is intended to be used with objects not exceeding 1,000 
feet in height, which lie on or within the radius of the obeerver’s 
horizon; and Part 1L, where curvature has to be taken into 
consideration, is for more elevated objects lying beyond the 
observer’s horizon.* 

By these Tables (Part I.) the distance from an object can be 
taken ont absolutely at aight, without the necessity for any 
figuring whatsoever. It may now and again happen, however, 
that the height of the object exceeds 1000 feet, the limit of Part L, 
in which case use the following rule. 

Mvltiply the height in feet by *565 and divide by the number of 
minute8 in the angle between the summit and the water-line: the 
quotient will be the distance in nautical milea and decimals 
of a mile. 

Thus, in passing Ailsa Craig (Firth of Clyde) it snbtended an 
angle of V 57' when abeam, the observer being elevated 26 feet. 
The given height of the Craig is 1097 feet, but for sake of round 
numbers call it 1100 feet. Required the distance to & point 
vertically under the summit. 


1100 feet 

*565 constant factor. 

6500 

6600 

5500 

Sextant angle 117') 621*500 ( 5 312 distance. 
685 

365 

351 


140 

117 


230 

234 


This method requires pencil and paper, and involves delay; 
whilst, therefore, it is not so handy as the Tables, it serves well 

•The Danger Angle, and Off-shore Distance Tables. Price 4s. öd. Philip, Sou 
and Kephew. 
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on & pinch, and is perfectly accurate. Ifc is restricted to objects 
on or within the observer’s borizon. 

In July, 1882, Commodore J. G. Walker, Chief of Bureau of 
Navigation, United States Navy, courteously sent the author a 
“Diagram for finding Distances and Heights.” On comparing 
the results obtained by this ingenious contrivance with those 
taken out of Part II. of the Tables, they proved in every case 
identical This correspondence between calculation and con- 
struction served of course as a voucher for the accuracy of each. 

The diagram, however, is not so handy for reference as the 
Distance Tables—especially on deck, where its size (24" *x 19") 
would render it liable to be taken Charge of by e*ery puff of 
wind, as well as injured by rain or spray. The diagram also lacks 
the advantages to be derived from Part I. of the Distance Tables. 

The inventor is H. Von Bayer, C.E, and the price one dollar. 

To shew the practical utility of this vertical angle method, let 
us suppose that the navigator, for some important reason, such as 
meeting a crowd of vessels, is forced to round more closely than 
he otherwise would, the Skerries lighthouse on the coast of 
Anglesea. He knows, however, that at 3 cables from it there is 
the hidden African rock, which he had better pass at least two Vertical 
cables outside of to ensure safety; this makes in all 5 cables from 
the lighthouse. His chart gives the height of the light as 117 
feet above the level of high water. Opening the Distance Tables, 
therefore, at 120 feet (since it is scarcely likely to be high water 
at that precise moment) he finds opposite 5 cables the angle 
2° 17' 26". This when corrected for index error, is placed upon 
the sextant, and so long as the angle subtended between the 
centre of the lantem and the water-line beneath it does not 
exceed this amount, he knows he is at, or outside the prescribed 
distance. 

Attention is here called to the fact that the angle is measured Points of 
not to the cowl or top of the lighthouse, but to the centre of the ™^ nre " 
gla88 lautern , or, in other words, to a point representing the 
height of the focal plane of the light above the level of the sea. 

If it be desired to measure from the extreme top of tbe lighthouse 
to its water-line, the following is the approximate number of feet 
to be added to the given height of the light:— 
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SIZE OF LIGHTHOUSE LANTERNS. 


Ist Ord. light, from centre of the light to the vane is about 15 feet 
2nd „ - - „ w 11 

3rd , - - - - „10 

4th >i * * »> •» 8 

ßth „ M 7 

6th „ - - - , „ . 6 


Precautions In connection with this matter of taking vertical angles, one 
ta mwu^ag point deserves notice. When the object is near, the observer 
Vertical sliould get as low down as possible, to lessen the error which would 

Aaigiifc ar ise f rom his eye not being on the level of the water-line, to 

which*the angle is measured. 



Light honst 


Wat st lins 


8 represcnts the angle as measured from the bridge, and 0 what 
it would be if measured from the sea level. Except, however, in 
exaggerated cases, the difference is not large; and as the angle at 
S is greater than the angle at 0, the error lies on the safe side, if 
the injunction to descend is disregarded, so long as there exists no 
danger outside of the ship. 



This second case is one to be guarded against, as the error in- 
volved is considerable. It represents a ship passing a lighthouse, 
Standing on a hill, say some two miles inland; whilst in the 
foreground, at TT, is a low rocky point. The angle S, subtended 
by L and W } is clearly too great; it ought to be measured between 
L and V ; but as this is impossible from there being no w&y of 
ascertaining the whereabouts of the imaginary point V, the 
difficulty is practically got over by descending to as near the 
point 0 as you can get. 

On the other hand, when measuring the vertical angle of 
objects beyond the horizon, it is desirable that the observer should 
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be as high as he can conveniently get. The words water-line and Distinetion 
horizon must not be understood to mean the same thing. The 
horizon is the natural boundary line where the sea and heavens and Horizon . 
apparently meet each other, and its distance—a direct consequence 
of the earth’s curvature—depends upon the elevation of the 
observer. The distance of an objects water-line, on the contrary, 
has nothing to do with the elevation of the observer. Attention 
to these and other delicate points constitutes the eocpert navigator. 

When a distant mountain peak is visible above the sea horizon, 
a ship’s position may be fixed, with a near approach to accu- 
racy, by measuring its " on and off ” altitude, and laying off on the 
observed line of bearing the corresponding distance taken out 
from the tables by inspection. Or the Compass may be dispensed 
with altogether if the Astronomical bearing be found by a second 
observer in the manner indicated on page 369. 

Should two summits be observed simultaneously, or nearly so, "Fix” by two 
which are separated by a considerable horizontal angle—the 
nearer to 90° the better—the ship’s place will be found by simply out bearing. 
sweeping the distance from each with the dividers. It is true the 
<drdes will intersect at two points, but the eye alone, or a rough 
l)earing, will easily determine which is the ship’s position. 



Let the diagram be supposed to represent any two neighbour- 
ing islands—say Ferro and Teneriffe, both of which are lofty—and 
let the arcs of circles represent their respective distances from the 
ship. Then the latter must either be at A or at B; and it is 
almost needless to say there can be no difficulty in deciding which. 
In all these cases where vertical angles are measured, the greater 
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tbe height of the object, and lesa acute the observed angle, the 
more reliable will be the result* 

When w T ell ont in the offing, known monntain peaks are fre- 
quently visible, and farm salient features, when the coast-line— 
indistinct through diabance or haze—offers no points by which to 
get a " fix/ 1 This is very mach the case on the coasts of Chili 
and Peru, Moreover, s hon Id a vessel be Standing in from sea- 
ward to make her port, what a source of satisfaction it is to be 
ablc to define her preei&e position, and shape a correct course for 
it before the coast-line is evon visible, and this with acaroely any 
trouble. 

The Sextant has a vast supcriority over the Compass in a nurn- 
ber of casea. This is particularly well shewn in the problem 
The langer known ab the “ Danger Angle/“ where the compass is scarcely of 
any Service whatever. It is no disparagement, liowever, to the 
compass to say timt it cannot do everything t or that the re are 
other instrumenta which, in particular cases, should supersede it 
The " Danger Angle " may be measured oither vertically or 
horizontally* aceording to the features of the co&st. Let ua take 
a vertical one first—of which a good example has al ready been 
given io the case of the Skerries Lighthouse and African Rock, 
verUcal It was there shewn that so long as the angle did not exceed 
Daagor Angle. ^ ^ 26*, the vessel would pass two cables 1 lengths outside the 
danger, Similarly with the South Rock off Tuskar, This eau be 
rounded in safety if the angle beUveen the w T ater-Iine and the 
top of the lighthouse is not allowed to exceed l fl ; but in such a 
Situation, w T here the tide runs strongly, the angle would require to 
be narrowly wratched; and, unless pressed in by baving to port 
for another vessel at the critical moment, there is no object in 
making such very dose shaves with plenty of sea rooiu oti onc 
side—although at tbe same time, be it said, ordinary skill and 
care should obviate the neccssity for throwing distance away as if 
it cost nothing, Moreover, there are tbousands and thousands of 
spots where dangerous shoals kam to b© tbreaded wdthout the aid 
of a pilot, and then this sort of knowledge is worth a Jew a eve* 
The peculiar and very convenient property of the circle, nartudy, 
the equality of angles in the same segment, pertmts of tbe second 
or horizontal application of the 11 Danger angle/* 

Hartmonui In the diagram the üne ABCDICFO repreaents the course of a 
D^agarAagia 3 kip ^ ah© rounds a promontory, off which Ile several dangerous 
rocky shoals. Having decided to give the reefs a Ijerth of half a 
mile or so, a circle is drawn passing that distauce outside of thein, 
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and through the church and windmill on the cliff. Then measure 
with a protractor the angle at D, subtended by the aforesaid 
church and windmill, which of course, in an accurate survey, will 
be laid down in their proper places on the chart. The angle in 
the present instance is 25°, and will be found the same for all 
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3>art» of the circumference of the circle seaward of the two marke, 
:no matter whether measured at J, C f D, E, or H. Therefore, so 
dong as the angle is less than 25°, the vessel must be outside of 
ihe circle, and in safety ; but if the angle be greater than 25°, she 
□8 evidently inside the circle, and in danger. 

As depicted above, the yessel is standing alongshore on the line 
ABC\ but as she approaches the pitch of the cape her commandcr, 
who is on the alert with his sextant, gets the “ Danger angle ” at 
the point C. Thus warned of his being too close in, he at once 
starboards and hauls off, steering so as to avoid increasing or 
unnecessarily diminishing the angle until the point E is gained, 
when the course EFO t along the coast, causes the angle rapidly 
to decrease, and teils the danger is passecL 

It is manifest that compass cross-bearings here would be of no 
use, since the cut made by a difference in the bearings of only 2J 
points is too acute to be in the least reliable. 

Supposing the height to be known of the cliff or of the church, 
a second observer could independently verify the distance by the 
vertical “ Danger angle,” so that not only could the navigation be 
conducted with the utmost safety, but without losing ground.* 


• As a rule it is safer to navigate in the vicinity of doabtfnl gronnd darin# roughi«h 
Treatber than during fine, feine: sunken rocks, carrying only three or futir fathouis over 
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Head and Bishop's Tower, some 3£ miles to the eastward, does 
not exeeed 79°, you will—when at nearest approach—pass four 
cables ontside the rock, To strike it the angle would require to 
be about 93°. 

The fog-signal Station on Poor Head, with its white boundary 
wall, is unmistakeable, and the trumpet is quite conspicuous at 
the Western end of the enclosure. Bishop’s Tower is situated on 
high ground midway between Poor Head and Ballycottin light- 
house. With the binocular it is easily got hold of, and once 
recognised and impressed on the memory there is no after trouble 
in doing so. 

To ascertain the " danger angle ” for any place possessing Horizontal 
suitable marks is a simple matterchoose two conspicuous Dan * erAn * 
objects which are laid down on the chart, and if possible let them 
lie about an equal distance on each side of the danger. Put a 
pencil dot on the chart at the distance you wish to pass from the 
danger, and then draw a circle through the two selected objects 
and the pencil dot The centre of the circle may be found by 
trial or as described in foot-note.* Next connect the pencil dot 

* To find the M Danger angle ” (horizontal), it is necessary to know that a circle can 
be drawn to pass through any three given points, no matter how situated, provided 
they do not lie in the same straight line. In the subjoined figures, a circle, whose 
oentre is at C, is drawn through the given points ABD. The centre is found by the 
l&tenection of the dotted lines FC and QC. Vide Chapter X., on Station Pointer. 



For a Solution of this and other equally interesting Problems in Practical Geometry, 
nee Vörie , pages 19 to 25; also Rapcr. 
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with each of the mark* by a fine straight line, and, with a pro* 
tractor of any kiud, measure the coutained angle, Tbis angle, as 
akeady stated, will be found to be the aame at any pomt in the 
cireumfcrencc of the circle, 

Of course if it were desired to pass imide the Pollock Rock, 
another circle could be drawn to suit the new condition. In this 
Gase, to give the rock a berth of 4 cables 011 the inshore side, the 
** Danger angle ** must not be less thaix 117°~*an mcoaveniently 
large angle to measure with the sextant, Lut it rnight be possible 
to seleet nxore suitable objects, When taking the inside passage 
heware of the if Uawk *' and other stinken rocke off Poor IhaiL 

Entering or le&ving Gibraltar Bay on the west aide, the Pearl 
Hock (on which HJfaÄ Agincourt was nearly lost) has to be 
guarded against. The horizontal “ danger angle ” to pass 2J 
cables (or a quarter of a inile) outside it, is 74 & , This angle is to 
be measurad between two very conspicuous square towcrs, the 
one situated on a hiü overlooking the lighthouae on Carncro 
Point, and the other on the bill above Frayle Point 

Whether measured at the points in the diagram inarked A, B r 
C D, or any other part of the circle scaward of the towers» the 
angle is still 74°, 

Again, in going into the port of Lisboa after dark, bcfore the 
present ränge lights were established, the only guides to avoid 
the North and South Cachopos were the Com pass bearingsof San 
Julian and Bugio lights; but it ofteu happened in winter that 
there was a heavy run on the bar, which flaut the compasa-cmrda 
epinning, and so rendered thenx utterly useless at the time of all 
others when most wanted; besides, in any case it would bavo 
been impossible to leave the bridge to lay off bearings at auch a 
critical time, 

The writer, however, has entered with comparative ease on very 
stormy ixights, when no pilot could he had, by steering so as to 
maintain the “Danger angle" of 7V between Guia and Sau 
Julian lights, until those of Bugio and San Julian subtcuded 
nearly the same angle (GS°), when the worst was passeil, and it 
merely remained to con the vessel by eye midchannel between 
the two last-mentioncd lights, 

If, by bad steering or other wise, the ** Danger angle " between 
the first pair of lights was allowerl to be greater or less than 7l 4 
at the moment the “ Danger angle H came on between San Julian 
and Bugio, it shewed the vessel was not in mid-chanmd. In the 
event of the angle being greater than 71*, she was on the North 
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side of fche fairway; and if less, it placed her on the South side. 

So long, however, as the “ Danger angle 99 between Guia and San 
Julian did not exceed 90°, or be under 55°, there was no cause for 
alarm. 

By way of practice, these “ Danger angles ” might be laid off on 
Admiralty Plan No. 89, which gives the entrance of the River 
Tagus. 

It would hardly be wise, however, to make one’s first experi- Bextant 
ment with the “ Danger angle 99 under critical conditions such as oompasa. 
those just described, nor would it be fair play to the method. 

Better, by far, to practice where no risk is incurred, until a per¬ 
fect mastery of the principles gives confidence in their power. 

The foregoing examples afford conclusive proof that the Sextant 
is often of greater use in pilot waters than the Compass—not that 
the latter, after centuries of good service, is to be despised and 
forsaken; that time has not yet come. Each of the two instru¬ 
menta is good in its place; and it is the object of these pages to 
point out more particularly those cases where, with advantage, 

One may be employed in preference to the other. 

To conclude this subject, it should always be borne in mind Bost way to 
that, in taking cross-bearings, the better plan is to observe but )£££ oount§ 
one compass bearing—whichever is most conveniently situated b6arln B 1 - 
for the purpose—and then, with the sextant, take the horizontal 
angle between the two selected objects. The second bearing is, of 
course, got by applying the sextant angle to the right or left of 
the first one, as the case may require. 

Get into a habit, and make your officers do the same, of noting 
and marking down there and then the exact time of all such 
observations. 

Example.—B eing off Holyhead, observed the Skerries lighthouse to bear 
S. 84° E. by compass at 10*7 A.U. by watch, the sextant angle between it and 
the South Stack lighthouse being 80° at the same moment The latter, there- 
fore, bore S. 4° E. by same compass ; and the cut being nearly a right angle, 
gives a good “ fix.” 



CHAPTER XVI. 


THE (KOMPOSITION AND RESOLUTION OP FORCES AND MOTIONS. 


Knowledge of 
thls enbjeot 
very 

Important to 


Hotion and 
Force. 


A Single 
Force, how 
repreeented 
on paper. 


Parallelogram 
o! Force® and 
Velocltles. 


A full understanding of the Composition and Resolution of 
Force» and Motions is of so much importance to the sailor, from 
the infinite number and diversity of their application to every 
branch of his business, that it is hoped the introduction of a 
chapter savouring at first sight more of mechanics than naviga- 
tion, will not be considered out of place. Indeed, there are few 
problems in physical Science with which the principles herein to 
be explained are not intimately blended. Their relation to navi- 
gation, generally, is close; but it is seen more particularly, per- 
haps, in Current Sailing , and also when it becomes necessary to 
trace the total effect on the compasses of an iron ship to its 
various causes. 

Motion is the direct outcome of force , and the composition and 
resolution of motiom are in all respects analagous to those of 
forces . It is therefore quite admissible, and will be convenient 
here, to deal with them as synonymous or convertible terms. 

A single force may be represented on paper by an arrow-headed 
straight line; the commencement of the line indicating the Point 
of application of the force—the direction of the line, the Direction 
of the force—and the lcngth of the line, the Magnitude or Intensity 
of the force, according to the scale made uso of. 

The smallest number of inclined forces which can balance each 
other is three. To do so, tliese three forces must act through one 
point, and in one plane. Their relation to each other depends on 
the following principle in mechanics, known as the Parallelogram 
of Forces , or, where inotion is alluded to, as the Parallelogram oj 
Velocities. The law is tlius expressed. If two forces be repre- 



THE PARALLELOGRAM. 
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sented in magnitude and direction by the adjacent sides of a 
parallelogram, an equivalent force will be represented in magni¬ 
tude and direction by its diagonal The two side forces are 
termed the Components ; and the diagonal, the Resultant or pro- 
duct of their joint effect; whilst the junction of all three is called 
the Point of application. 

A Parallelogram may be defined as any four-ßided straight- 
lined figure, of which the opposite sides are parallel, and the 
diagonally opposite angles are equal to each other; its Diagonal, 
as the straight line joining two of its opposite angles. Thus a 
Square is a Parallelogram, and the subjoined Rhomboid is another. 
There are yet two, namely, the Rectangle and Rhombus. 



Thus the side AB is parallel to the side DC; and AD is parallel 
to BO. The angle A is equal to the angle C ; and B is equal to 
X>; whilst AC is the diagonal. If AB and AD be taken as two 
forces, A will be their Point of application. 

In any parallelogram the four angles amount to four right 
angles, or 360°; and from the fact above stated, that any two 
diagonally opposite angles are equal to each other, if one angle be gnm 
given, the other three can readily be found. Thus if the angle D three. 
be 116°, the angle B will be 116° also. These two added together, 
and subtracted from 360°, leave 128° as the sum of A and C; and 
as these are also equal to each other, their values must be respec- 
tively half of 128°, or 64°. 

The following is an example of the Composition of Motion8, 
which should be familiär to every seaman. 

In the subjoined figure let DC represent the course and hourly Example of 
speed of a steamer; say due East, 14 knots: and let AD represent 
the true direction of the wind, and its hourly veloeity, say N.E. 
by N., 10 knots. 

If the atmosphere were calm, the wind caused on board the 
vessel by her onward progress would appear to come from right 
ahead at a rate exactly equal to her speed: therefore the line CD 
may be taken to represent a wind blowing in the direction of the 
arrow with a veloeity of 14 knots per hour. Then AD and CD are 
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TRUE WIND DIRECTIOX AFLOAT. 


the two components of the resultaufc DD, which latter shews the 
apparent direction and velocity of the wind as feit by an observer 
on the deck of the vessel, viz.; E.N.E. nly., 21J knote per hour ; 
this reault being due to the combined directions and velocities of 
the true wind and that produced by the motion of the steamer. 


Scale l-inch to the mile. 


P&raUelo- 
gram of 
Velodtiei. 



As is here shewn, this problem is very easily solved by con- 
ßtruction, but when great accuracy is required, it can also be 
calculated as follows. Consider the parallelogram as two triangles, 
then we have,-— 


To find the angles DB ö and BDQL 


Side AD = 10 

As the sum of AD and CD — 

24 .... , 

. 1380211 

Side CD 14 

is to their difference = 

4 , 

. 0*602060 

— 

So is tang. of half the sum of) 

■28° 7J'. . . 

. 9727957 

Sum . . 24 

angles DBC and BDC ] 


10*330017 
1 380211 


180® To tang. of half their difference 5° 5|'=8*949806 
Angle C , . « 123 45 28 7$ 


Difference 4 


Sum of Angles) 
DBC & BDC) 

Half sum . . 


Sum gives greater angle DBC 33 13 


- Difference gives less angle BDC 23° 2 # 

. 28° 7i' - 


To find the resultant BD. 


As sine of the angle BDC = 23° 2'. 9*502473 

is to the side BC = 10 knots. 1*000000 

So is sine of the angle C = 123° 45'. 9*219846 


To the side BD = 21 23 knots.= 1*327373 










DANGEROUS WAY OF RIGGING CARGO SPANS . 


Knowing how to compound two forces acting at a point, it is 
possible to compound or determine the resultant of any number. 

The Resolution of Forces is the converse of the foregoing Resolution 
example. To resolve or decompose a given force or velocity d', ot Foroe8 ’ 
whose direction and magnitude is BD, into two forces or velocities 
acting in any direction that may be chosen, as and Cd, we 
have only to draw parallels through D, which determine the lines 
AD, CD, representing the magnitude of the forces required. It 
is evident that there are an infinite number of pairs of forces into 
which BD might be resolved. It is usual, however, to resolve a 
force into forces that are at right angles to each other. 

Subjoined is one more example of the practical value of under- important 
v i * lllusteEtloii 

standing the Parallelogram of Forces. shewing how 

str&lns oan t>< 
calcnlated. 



In the diagram, W is a weight of ten tons which is suspended 
without motion from a span between two masts. Let the angle 
BGB = 140°, and the angle AGB = 72°, then the angle ACD 
will = 68°.* Draw A.C to represent 10 tons on any convenient 

* The Enclid Scholar will have no difficulty in seeing how the values of the remaining 
angles are arrived at, but for the information of such as are weak in geometry, be it 
known that in any parallelogram the angle DAG will always be equal to its counterpart 
AGB , in this case 72°. The three angles of a triangle when added together make 
exactly 180°, so that if two are known, the third is easily found. Then ACD + 
DAC, or 68° + 72° = 140°, which subtracted from 180°, gives the angle ADC m 
40°, and rince according to the definition of a parallelogram the angle ADC is equal 
to its opposite angle ABC, the latter must be equal to 40° also. 
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HOW TO CALCULATE STRAINS. 


Flat Cargo 
Spans, 


scale, say a tenth of an inch to the ton; also draw AB parallel tc 
DG, and AD parallel to BC ' Then by simple proportion of the 
parts, DC will represent the strain on the after pennant = 1*480 
inches by scale, or 14*80 tons; and OB the strain on the forward 
pennant = 1*442 inches by scale, or 14*42 tons. 


By Calculation. * 


To Find D.C. 

Am the sin« of 40* . 

is to 10 tons . 

So ia the sine of 72* . 


9*806067 

1000000 

9*978206 


To Find CB. 

As the sine of 40* . 

Is to 10 tons . 

so is the sine of 68* . 


to 2X7 = 14*80 tons 


1*170139 


to CB = 14-42 tons. 


9*808067 

1*000000 

9*967168 


1*168000 


Similarly, having ascertained the strain on the pennants, it is 
easy by constructing other two parallelograms to calculate the 
“up and down ” or crnshing strain on each mast, as well as the 
bending or exact “ fore-and-aft ” pulL 

In the foregoing example—common enough on board ship—the 
strain on the two parts of tbe span is shewn to be something 
excessive, mach more so, indeed, than one would at first sight 
conceive to be possible, and this, too, without taking into account 
the additional stress which the span would have to sustain were 
it required to lift the weight instead of merely suspending it, as in 
the diagram. 

This example, though not pertaining to Navigation, is specially 
introduced because of its exceeding value in putting the sailor on 
bis guard as to the peculiar properties of a span in Connection 
with the dangerous Operation of taking heavy weights in or out- 
The flatter the span, the greater will be the breaking or tensile 
strain it will have to endure, and the greater also will be the 
bending or shearing strain upon the masts. Therefore, when 
practicable, make it a rule to have the parts as much “up and 
down” as the drift necessary toclear the hatchway and bulwarks 
will ad mit of. 

We will now try what stress the span would have to bear, 
supposing the weight still the same, but the angle DCB acute 
instead of obtuse as before. 











SAFE WAY OF RIGG ING CARGO SPANS. 
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Let the angle DCB = 77°, and the angle ACB = 32°, tlien the 
angle ACD will = 45°. The remaining angles are got as already 
explained. 


To Find DC. 


Am sine of 108* . 9 988724 

tato 10 ton*. 1 000000 

■o ta «ine of 82* . 9 724210 

to DO = 5*44 tons. 0 735486 


To Find CB. 


As sine of 103*. 9‘938724 

tato 10 tons. 1-000000 

bo ta sine of 45* . 9*849485 

to CB = 7*26 tons. 0 860761 


We here see that the strain on the span is positively much lese 
than half what it was in the first case, shewing very clearly the 
impropriety of rigging cargo gear straight across from mast to 
mast. Through pure ignorance of the danger incurred, this 
arrangement is quite common, as one may find out for himself by 
taking the trouble to walk round the docks of any large port. 
The consequences are seen in loss of life, broken spars, and Claims 
for smashed up cargo. These evidences of grievous ignorance 
occur more frequently than one would imagine. The writer 
recollects the case, not so veiy long ago, of two celebrated 
steamers belonging to the same owners, where, through this cause, 
the masts were brought down on deck when taking out their 
funnels, though the heavier funnel of the two had but the paltry 


Stand from 
ander. 











444 POWER EXERTED IN “SWIGGING OFF” A ROPE. 


weight of four tons!!! Yet later, the taking out of a crank-shaft 
in a certain vessel had a similar result. 

As an illustration familiär to every seaman take this one:— 
When a weak-handed watch can get no more of a rope, (say the 
lee fore brace) by straight pulling on it, what do they do ? Why, 
make it fast to the pin and “ swig it off.” By so doing they are 
unconsciously acting the part of the weight on a straight span. 
The belaying pin may be taken to represent one mast, the leading 
block the other, and the part of the brace between these two 
points as the span. So powerful is the effect that the invariable 
result is to gain more of the brace after total failure to do so in 
the ordinary way. 

There is scarcely a limit to the application of this important 
Disposition of P r i nc ipl e th® science of Forces. It comes into play in a marked 
anchors ln a manner in the case of a vessel riding to two anchors—one broad 
ffale ’ on each bow. The proof is easy that when the spread is great, 

two anchors, so placed, are actually weaker to hold the vessel in 
a gale than one anchor right ahead. As this question of strains 
if pursued further would be outside the limits of the present 
work, the reader is referred for detailed Information to that very 
interesting and useful book, entitled, “ An Enqu&ry relative to 
various important points of Seamanship considered as a brauch of 
Practical Science ,” by Nicholas Tinmouth, Commander RN., 
Master Attendant of Her Majestys dockyard at Woolwich. 



CHAPTER XVII. 


ALGEBRA. 

Algebra is usually a great bugbear to sailors, and although in 
the Practice of Navigation it cannot be considered an essential, a 
knowledge of the first four rules will occasionally be found very 
useful indeed. And these rules are so simple, that to commit 
them to memory within an hour or two need not “ pawl the 
capstan" of any one possessing average intelligence. They are 
here given for reference when wanted. 

ALGEBRAIC ADDITION. 

Positive quantities added together give a positive result 

Examplel 
+ 2 

Added to + 4 
Equal 4- 6 


Negative quantities added together give a negative result 

EXAMrLE. 

- 2 

Added to - 4 
Equal — 6 


To add together urdike quantities, take their difference, and 
prefix the sign of the greater. 

Example. 

_ 2 

Added to + 4 


Equal + 2 
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SIMPLE BUT USEFUL ALGEBRAIC RÜLES. 


ALGEBRAIC SUBTRACTION. 

To subtract one quantity from anofcher, change the sign of tbe 
quantity to be subtracted, take their difference, and affix tbe sign 
of the greater, if they are then of opposite names ; but if ch&nging 
the sign of the Subtrahend, make it similar to that of the minu- 
end, then add arithmetically both quantities together, and prefix 
the same (or common) sign. 


From - - 
Subtract* 

Remaina- 


Examples. 

— 4 | From - - 

— 2 (change the sign). Subtract 

— 2 I Remaini 


— 4 

+ 2 (change the sign). 

— 0 


ALGEBRAIC MULTIPLICATION. 
Like signs give +, and urdike signs give —. 


if.-4 

Be multiplied bj — 2 

The product equali + 8 


Examples. 


If.+4 

Be multiplied bj +2 

The product equals+ 8 


If.+4 

Be multiplied bj — t 

The product equali- 8 


If.-4 

Be multiplied by + S 

The product equali - 8 


ALGEBRAIC DIVISION. 

When the Divisor and Dividend have like signs, the sign of the 
quotient is plus; and when the signs are urdike ,; that of the 
quotient is minus. 


-2)-4( + 2 
4 


Examples. 

+ 2) + 4( + 2 I —2) + 4(-2 

- ! - 


4 


DOMINO. 
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On the method of correcting the rate ofa Marine Chronometer . 

When the mean rates which a Chronometer has made in the 
three temperatures, 55 3 , 70', and 85°, are known frorn the Obser- 
vatory rate sheets, it is necessary to calculate the quantities, 0, T, 
and R, for that watch. 

T is the temperature in which the watch attains its maximum 
gaining rate. 

R is the rate at T. 

C is a constant factor, which, multiplied by the squarc of any 
nurnber of degrees from T, shows the amount of loss for that 
number of degrees. 

It may be here mentioned that C and T have been found by 
experiment to remain constant for long periods, seldom changing, 
unless the watch is either cleaned or repaired. R, on the contrary, 
is liable to change occasionally, and should be verified at eveiy 
opportunity of obtaining a rate by observation. 

Formula for finding C, T, and R * 


Rate in 65° say — 072 s - 
» 70° „ — 0’27 < 

„ 8ö° „ -135"- 


r 

... r — r = — 0*45 ... d 
r' 

... r' — r"= + 1*08 ... d' 
r" 

d —d # = — 1*53 
d + d' = + 0C3 


To find 0 


2 (d — d) = — 3*06 

0 =- -- — 00034 

30* 900 


# Sign + indicates fast error, or gaining rate. 
M - slow ff or losing 


4 F 
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To lind T 

d + d' + 0*63 

(T — 70*) --= -= — 31* 

C x 60 — 0*204 

T = 70* — 3*1* = 66*9* 

To find R (T — 70)* x C = öfil x ot»3* = Ot» 

Rate at - 70° = — 0*27»- loamg. 

Difference to T = + 0*03*- fastet. 

R - - - - = — 0 24** laäng. 

Let - - N = an j nomber of d egree s frorn TL 
Then C x F = amount of loss for N. 

The quantities C, T, and R, for any watch, having been found, 
the rule for finding the rate of the same watch in any given 
temperature is as follows:— 

Take the difference between the given temperature and T 
(calling this difference X). 

Multiply X* by C, and the resnlt will be the amonnt by which 
the watch will go slower at the given temperature than it does at 
T; and, therefore, by applying the amount thus obtained to R 
(the rate of the watch at T), the rate in the given temperature 
will be obtained. 

When C, T, and R have been found, the rate which the watch 
will keep in various temperatures can be found from the Table on 
page 356. 

The Table gives the amount by which a watch will go slower 
than at T, at any given number of degrees from T. The rule for 
using the Table is:— 

Take the difference between the given temperature and T (that 
is, N). 

Take C to the nearest third decimal place. Enter the Table 
with C at the head. Enter the column marked X, with N as 
given to nearest degree, and in the column marked Cor'n will be 
found the amount by which the watch will go slower for X 
degrees. 

Examplt :— 

T 72° C 0*003 U—0 54* 

R^quired the rate in CO’. 

Diiiereuce between T and jnven temperature = 12* — 'S. 

Enter Table hea led C 0\X)3, and column X, and take 12° 

The column headed Cor n gives - 0*43' losing. 

R - OM 

Rate in 00’ - -097* 
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The " thermal error ” or correction of the rates for temperature, 
as carried out at the Bidston Observatory, haa led to the discovery 
by Mr. Hartnup of a small but very systematic difference be- 
tween the “ Sea ” and " Shore rates ” of Chronometers. With very 
few exceptions, Chronometers used in steamships have been found 
to go somewhat slower at sea than on shore—the amount in dif¬ 
ferent instruments ranging from a small fraction of a second to 
upwards of one second a day. This is probably caused by the 
motion of the ship, or the magnetic effect of the iron of which she 
is built It is small in comparison with the thermal error, and is 
only capable of being detected in cases where the corrections for 
change of temperature have been carefully applied at sea during 
the voyage. 




TABLE OF CORRECTIONS 1)UE TO C'HANGES OF TEMI’ERATURE. 
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APPENDIX (B). 

It has been considered advisable to give a place to the iollowing 
correspondence between the author and anofcher, bearing as it 
does upon a very important consideration in the navigation of 
iron ships:— 

The Editor\ Mercantile Marine Service Association “ Reporter.* 
HEELING ERROR 

Sir,—Will any correspondent kindly give the method usually 
employed at the Board of Trade Examinations for calculating the 
Heeling Error? Given the heel, the direction of the ship’s 
head by compass, and the Heeling Error observed, to find the 
approximate Heeling Error, with a greater or less given heel, 
and with the ship’s head on some other named point of the 
compass, the ships magnetic latitude being in.both cases the same. 
—Yours faithfully, Inganno. 

December , 1877. 


The Editor , Mercantile Marine Service Association " Reporter * 
HEELING ERROR 

Sir,—In answer to “Inganno,” in your January number, I 
8ubmit that the first thing to be done is to determine what is 
called the heeling co-efficient. It is the error on the North or 
South point by compass , caused by one degree of heel, and is 
found by dividing the difference between the deviation, ship 
upright and ship heeling, by the number of degrees of heel. 

For example, given the deviation on North, ship upright, equal 
to —21°; when heeling 12° to starboard, equal to —3°; this is 
equivalent to a plus change of 18", which, divided by 12° of heel, 
gives +1°*5 as the heeling co-efficient for each degree of heel to 
starboard From this it will be seen that the heeling error is 
directly proportional to the amount of heel Now, when the 
heeling error is given for any other than the North or South 
points, it is easily reduced to these by simply dividing it by 
the natural cosine of the number of points from North or South 
then divide the result by the inclination to starboard or port, as 
the case may be, and you have the heeling co-efficient as befora 
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For examplej the heeling error on W*N,W* P with 10“ of heel 
toport, is — 9M9; divido this by *383 (the natural cosine of 6 
points) and you get 24°; divide this by the heel {16 ü )> and once 
ag&in we shake hands with our friend the heeling co-ejficient 

Now it is evident that if wo require the beding error for any 
other given point, we liave merely to multiply the beding co~ 
effizient by the natural cosine of the number of points eont&ined 
between North or South (taking the nearest) and the stated point, 
multiply the resutt by the fresh heel, and we have the error 
required. 

For example, the heeling co-eßtient on North is 4- 1 '5 for each 
degree of heel to starboard ; required the beding error on N.E. by 
N* J N*, heeling 10° to starboard Multiply + T‘5 by "882 (the 
natural cosine of 2i points): the result is 4- 1*32; multiply this 
again by 10° mclination to starboard, and we get + 13*'23 as the 
ans wer 

I have treated the foregoing solution of the question nsked by 
w Inganno M at considerable length, and in piecemeal fashion, 
hoping tliat by so doing it wotdd be Tendered clearer* The 
mathematical expressiou is very concise, but searnen are more 
accustomed to regard weather signa than to study algebraic onea 
Before quititng Üus subject I must warn " Inganno n that if 
the heeling error bas a plus sign when beding to starboard, it 
will have a minus one with a heel in the opposite direction; also, 
that the signs are reversed when the Northern semicircle of the 
compass is substituted for tbe Southern one, or the contrary. For 
example, if the heeling eo-efficmit on North is 4 T5 when heel¬ 
ing to starboard, it will be — V'S on South when beding the 
same way In conclusion, the heeling error on any given point 
must not be confounded with the deviation on the same point, 
For example, the deviation t ship upright on S.W, is + 13“, but 
when heeling 17° to port it is only +2*, the beding error is 
oonsequently —11°. 

Comflete Example.—W ith ship's head S.E. by K f and upright, 
the deviation is + 2*T; when heeling 8* to port it is 4-3** Required 
the deviation on N,N.W t| when heeling 16® to starboard; the 
deviation on that point, when upright, being —14*; magnetic 
iatitude the same in each case ? Answer, — 7G° 25, 

Squire T. S. Leget, 

Fcbtuary 20 th, 1878. 












APPENDIX (C). 

STAR TELESCOPE FOR SEXTANTS. 


About the first thing to be seen to on getting a star telescope 
fitted to one’s Sextant, is that its collimation adjustment is perfect 
If the line of sight of the telescope is at all inclined to the plane 
of the instrument, instead of being strictly parallel to it, as it 
should be, all angles measured with it will be too great; and the 
larger the angle so measured, the greater will be the error. To 
determine the value of the error corresponding to the various 
angles or altitudes, which may at any time be observed, proceed 
as follows:—The sextant being in perfect adjustment, screw in 
the ordinary direct telescope, and, on a fine clear night, measure 
carefully the angle between two stars, whose distance apart is 
between 100° and 110°. Read off and note this angle, but do not 
move the index; then insert the star telescope, and verify the 
measure —taJcing care to make it in the very centre of the field. 
If the line of collimation is correct, the stars will be in contact as 
before; but if it is not so, the stars will appear to have separated. 
Bring them again into contact, and, having read off the angle, the 
difference between it and the first reading is, of course, the error 
for that particular angle. 

To find what it would be for smaller angles, one might proceed 
as before, by selecting stars at the required distance apart; but it 
is better to adopt another method, wherein a knowledge of the 
error of parallelism of the telescope is pre-supposed. 

Raper, in his explanation to Table 54, already referred to on 
page 49, gives a rule for determining the error for any given alti- 
tude or angular distance when the error of parallelism of the 
telescope employed is known; and this same rule, when worked 
backward8 , serves of course to find the error of parallelism. 


Rule to find the Error of Parallelism. 

From the log. sine of the error belonging to any given angle, 
measured by sextant, subtract the log. tangent of half the same 
angle, and the remainder divided by 2 will be the log. sine of the 
error of collimation. 



+5 6 


APPENDIX (CJ L 


Example, 

Let the error at 100° due to defective adjustment of the llne of coilimation 
be 8'; required the inclination of the telescope to the plane of the sextant 


Log. sine of 8'. 7*36682 

Log. tangent of half 100° = 50°. 10*07619 

2j 17*29063 

Log. sine 2° 32'. 8*64531 


Now, having ascertained the angular inclination of the telescope 
to the plane of the sextant, if it be required to know the quantity 
to be subtracted from any other altitude or distance measured 
with the same star telescope and sextant, we must cmploy Kapers 
rule in its direct form as follows:— 

“To twice the log. sine of the error in the parallelism of the 
telescope, add the log. tangent of half the angle measured. The 
sura will be the log. sine of the required error in the observed 
angle/' 

Example. 

The error of parallelism having been determined as 2° 32', required to know 
the quantity to be subtracted from an observed altitude of 40°. 


2° 32' Log. sine 8*64531 x 2 . 7*29062 

Half of 40° — 20° Tangent . 9*56107 

Quantity to be subtracted 2' 27" Sine . 6*85169 


Having ascertained by direct measurement the error at 100° or 
thereabouts, it is recommended to ascertain, by calculation as 
above, the error for all other altitudes at intcrvals of say 5*. 
Having thus made a small tablc, gum it on the inside of the lid 
of the sextant case for ready reference. Whether the errors are 
known or not, don’t forget the advice on page 237, to observe 
stars on both sides of the zenitli . The diameter of the object glass 
of the star telescope should not exceed lg inches clear aperture, 
unless special provision is made for one of greater size by raising 
the horizon-glass an additional of an inch or thereabouts above 
the plane of the instrument. In using the star telescope be care - 
ful to observe as nearly as possible in the exact centre of the field. 
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USEFUL NAVIGATION AL STARS. 


NAMF3. 

Mag. 

Rijiht 

Ascension. 

Herlina* 

tiou. 

a A tui romed ® {A tphera ä!:} 





1 

]J. M. 

0 2 

2Si N. 

y Pe^asi {Aigen dt) 





3.2 

Ü 7 

14* N. 
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*. 

2.3 

0 U 

56 N, 

ß Ueti [Jßcneb-Kaitot) 





2 
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* • 

2.3 

1 3 

35 N, 
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2 

1 16 

89 N. 

a Eridwii (AcA^nrarJ «. 





1 

1 33 

58 S. 

a Arieti» { Ham* i } * • 





2 

2 1 

23 N. 

a Ceti <Afeji£fiU 





2.3 

2 56 

4 N. 

OE Persel (Jtfijyacjfc) . . 





2 

3 16 

49* N. 

d Tauti (Afffeßrimn) . • . ■ 





1 

4 29 

16 N\ 

a Atirigfe (Caprlta) 





1 

5 S 

46 N. 

ß Örionb \Rigd) 4« 





i 

5 9 

8* S, 

ß Tauri (Nath) .. 





2 

5 19 

28* Np 

C Ürittnis ,, P . 





2 

5 26 

01 s. 

1 Üritmia *■ 





2 

ß 30 

i* a 

n Colombft * < 4 p ,. 





2 

6 36 

34 a 

ir OrioöU 





3.2 

5 42 

10 a 

a Orionk {licteljnttt) 





1 

5 49 

7* N. 

a A rgm (Crinopta} 





1 

A 21 

ß2* a 

a CanU Majoria {iStriui} 





1 

0 40 

iß* a 

t Cank Mnjoria * 4 





2.1 

6 54 

20 s. 

a s Gero in or (Uautor) *, 





2.1 

7 27 

32 N. 

a Gau in Minoria {Protifon) . . 





l 

7 33 

54 N. 

ß Geminur {Pollax) 





1.2 

7 38 

28 N. 

i Arktis * * 





2 

9 14 

69 a 

a Hydrie (A Iphard) ,, ., 





2 

9 22 

e a 

a Leoni* 





1.2 

10 2 

124 N. 

y 1 Leoni* * * . * 





2 

10 14 

20I N. 

a Urs® Mnjork (Dubhe) .. 





2 

10 57 

624 N, 

ß Leoni« (Detidola) .. 
y Ursa Majori» {Mtgra) . . 





2 

2.3 

11 43 

11 43 

15 N, 

54 N. 

q 1 Oniei* 





1 

12 20 

62* a 

t Virginia (Viflcfcmiiifrfje) .. 





3.2 

12 66 

ui N, 

a Virginia 





1 

13 1& 

loi 

g Ume Majori» [Battlna&ch) 





2 

13 43 

50 N, 

ß Centanri *. 





1 

13 66 

60 s. 

a Bootis {A rciura*) *, 





1 

14 10 

20 N. 

n a CentnEiri ,, ,. . * 





1 

14 32 

60 S. 

<1 Libr se \Ztibrnasrh) 4 * 





2.3 

14 45 

15* a 

ß GYsie Miiiüri» [ÄWAü&J ** 





2 

14 61 

74* N. 

ß l.ibrte {Zabentl/) 





J 2 

15 11 

9 a 

a Goren® (fönumi or Alphacca) 





2 

16 30 

27 N. 

a Serpentb (f/iutfr) 





2.3 

lfi 39 

7 N t 

ß l Scorpii *4 p» ti 





2 

15 69 

i»4 a 

<t Scnrpii {-in tarn) , » 





1,2 

16 22 

26 S, 

ff Trisuipuli Auatrnlis 





0 

16 37 

60 B. 

S Herculia ♦. *, 





3~2 

16 37 

32 N. 

ff Üpbiucihi (flog Alhaguc) *, 




* 4 

2 

17 30 

12* N. 

y Draconi* (Jfaj&xßdn) .« 





2.3 

17 54 

51 * X. 

d Lyrm (V&ja) 





1 

13 33 

39 N f 

a Aquil® (JJfrur}* * 





1.2 

19 45 

8*N. 

a Favonia * * 





2 

20 17 

57 S. 

a Oygnl fitaieß) 4 * 



* < 


2.1 

20 33 

46 N. 

a Ctiphei (Atderamm) * + 


-4 



3.2 

21 16 

62 N. 

ci Gmie,, 

4 « 


4 . 


2 

22 1 

47* a 

n Piscia Anstrttii* .. 


* p 


4 . 

L2 

22 51 

30 8. 

a Pegaii ( yfarkab) 

* * 


-4 


2 

22 59 

14* N* 
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II. 


AUGUST, 1875. 


AT MEAN NOON. 

Day of the Week. 

Day of the Month. 

THE SUN'S 

Equation of 
Time, 
to be 

rubtracted 

from 

Mean 

Tin ie. 

Var. 

in 

1 Hour. 

Sidereal Time. 

Apparent 

Declination. 

Var. 

in 

I Hour. 



• / M 


m ■ 

■ 

hm s 

Sat. 

14 

14 25 49 4 

46-19 

4 30-93 

0460 

9 30 027 

Sun, 

15 

14 7 > 4 « 

4675 

4 *9 63 

0-483 

9 33 5683 

Mod. 

16 

•3 48 253 

47 ' 3 ° 

4 77 ö 

0505 

9 37 5338 


APPARENT PLACES OF STARS, 1875. 395 


AT UPPER TRANSIT AT GREENWICH. 


Month 

and 

Day. 

a Virginis. 
ißpica). 

a Piscis Australis. 

( Fomalhaut ). 

R.A. 

Dec. South, 

R.A. 

Dec. South. 


h m 

• # 

h m 

• / 


13 18 

10 30 

22 50 

30 16 

Jan. 1 

3584 

28-0 

fl 

43‘49 

79 *i 

11 

36-19 

30 1 

43 ' 4 « 

78-6 

21 

3 6 s 2 

32*2 

4335 

77 9 

3 1 

36^4 

34 ’ 2 

43*32 

76-9 

Feb. 10 

3714 

361 

43*32 

757 

20 

37 ‘ 4 ° 

37 9 

4335 

74*2 

Mar. 2 

3763 

39 "4 

4343 

72-3 

12 

37 83 

40-7 

43*53 

70-4 

22 

37‘99 

41*8 

43-67 

684 

April 1 

38*11 

42-7 

43-86 

662 

11 

3820 

43*4 

44*08 

63-9 

21 

3826 

43 8 

44*33 

61-6 

June 10 

3820 

437 

46 00 

5°-9 

20 

38 i 3 

43*4 

46-36 

493 

30 

3805 

43 0 

4671 

48‘0 

July 10 

3796 

42*5 

4705 

47*0 

20 

37 86 

4 i *9 

47-36 

464 

30 

3775 

41 *3 

47 63 

46*1 

Aug. 9 

37-65 

40S 

47-86 

46-1 

19 

3755 

40*2 

48O4 

465 

29 

3746 

397 

48-17 

47 2 
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HAUTICAL ALMAHAC ELEMENTS 


IL 


JANUARY, 1880. 


AT MEAN NOON. 


ü 

£ 

4 

o 

THK SUN*S 

Equation 
of Time, 


1 




to be 



O 

•3 

's 

r§ 

's 

Apparent 

Var. 

tubiracied 

from 

Var. 


o 

>N 

Q 

o 

SH 

Q 

Declination. 

in 

1 hour. 

Mtan 

Time. 

in 

1 hour. 

Sidereal Time. 



• / m 

m 

m 0 

s 

h m 0 

Thur. 

iS 

S.2I 11 6*0 

27*35 

9 33*02 

0893 

»9 37 «8-37 

Frid. 

16 

20 59 57 6 

28*36 

9 5409 

0*863 

19 4114-93 

19 4511-48 

Sat. 

17 

20 48 35-3 

2936 

IO 1445 

0833 

Sun. 

18 

20 36 29*2 

30*34 

IO 34 09 

0-803 

19 49 

FEBRUARY, 1880. 

Frid. 



E 9 

14 ° 5 4 1 

0266 

21 59 1438 

Sat. 



WSEm 

13 53 »2 1 

0294 

22 3 10 93 

Sun. 



54*53 

«3 4644 j 

0*321 

»2 7 7-48 

MARCH, 1880 . 

Sat 

i 

6 

S. 5 23 49 8 

5827, 

11 1895 

o*6oo 

22 58 22*68 

Sun. 

7 

5 0 28 9 

58-45 1 

11 4-37 

°1' s ! 

23 2 19*23 

Mon. 

8 

4 37 3*9 

58*61 ( 

10 49*42 

0 630 j 

23 6 15 79 


MAY, 1880. 


| AT MEAN NOON. | 

Day of the Wcek. 

4 

c 

0 

THE SU NS 

Equation of 
Time, 
io be 
added 
to 

Mtan 

Time. 

Var. 

in 

I hour. 

Sidereal Time. 

0$ 

V 

A 

rt 

Q 

Appartnt 

Declination. 

Var. 

in 

1 hour. 



• t 0 

0 

m • 

• 

brat 

Tues. 

18 

N. 19 4' 577 

32 44 

3 44-8o 

0 099 , 

3 40 11*13 

Wed. 

1 «9 

1 19 54 461 

3 i *59 

3 42-i6 

0*121 ] 

3 50 7-69 

Thur. 

20 

20 7 141 

3074 

3 38 99 

0*143 

3 54 424 





























NAUTICAL ALMANAC ELEMENTS. 463 


n. JUNE, 1880. 93 


| AT MEAN NOON. | 

M 



THE 

SUN’S 

Equation of 





o 

o 

§ 





Time, 





£ 

S 



— 



io bt 





0» 

A 

’S 

•5 

4. 

Apparent 

Var. 

added io 
iubt.from 

Var. 




O 

0 




in 


in 

Sidereal Time. 1 

Q 

5* 

Q 

Declination. 

1 hour. 

Time. 

1 hour. 






• 

/ 

0 

0 

na 

\ 8 

8 

h 

m 

8 

Frid. 

4 

N. 22 

30 

59'9 

1686 

1 

52*41 

o*43i 

4 

53 

I2*60 

Sat. 

5 

22 

37 

327 

1587 

1 

41*88 

0*446 

4 

57 

9*l6 

Sun. 

6 

22 

43 

4i 7 

14*88 

I 

31*02 

0*459 

5 

I 

57a 

Mon. 

7 

22 

49 

26-8 

1388 

I 

19-85 

0-471 

5 

5 

2*28 

Tues. 

8 

22 

54 

479 

12 88 

I 

8*40 

0-483 

5 

8 

5883 

Wed. 

9 

22 

59 

44-8 

1187 

O 

56-69 

0*493 

5 

12 

55*39 

Frid. 

18 

23 

2 \ 

55-8 

2 65 

O 

56*IO 

0*53» 

5 

48 

2441 

Sat 

19 

23 

26 

47 0 

1*62 

I 

9*02 

0*538 

5 

52 

20*97 

Sun. 

20 

23 

27 

*3*4 

0*58 

I 

2i*93 

o*537 

5 

56 

17*53 

M011. 

21 

23 

27 

15-1 

0*45 

I 

3482 

0*536 

6 

O 

14*09 

Tues. 

22 

23 

26 

520 

1*48 

I 

47-67 

o*534 

6 

4 

10*65 

Wed. 

23 

23 

26 

4*2 

2*51 

2 

0*46 

0*53* 

6 

8 

720 

Thurs. 

24 

23 

24 

51*7 

3*54 

2 

13*16 

0-527 

6 

12 

376 

Frid. 

25 

23 

23 

144 

4*57 

2 

25-76 

0523 

6 

16 

0*32 

Sat. 

26 

23 

21 

125 

5‘6o 

2 

38*25 

0*517 

6 

19 

5688 






JULY, 

1880. 





Tues. 

6 

N. 22 

38 

308 

15 68 

4 

3i*97 

0*4*4 

6 

59 

22*46 

Wed. 

7 

22 

32 

2-8 

16 66 

4 

4173 

o*399 

7 

3 

19*01 

Thur. 

8 

22 

25 

U*4 

»7-63 

4 

5111 

0*382 

7 

7 

15*57 


SEPTEMBER, 1880. 147 


| AT MEAN NOON. | 


4 


THE SUN’S 

Equation of 






§ 





Time, 





£ 






io bt 





-§ 

*5 




Var. 

added io 

Var. 




4. 

O 

0 

Apparent 

in 

Mtan 

in 

Sidereal Time. 

* 

Q 

Q 

Declination. 

1 hour. 

Time. 

1 hour. 






• 

9 

0 

0 , 

m s 

8 

h 

m 

8 

Tues. 

14 

N .3 

IO 

10*9 

5772 

4 41*13 

0-883 

11 

35 

21*32 

Wed. 

iS 

2 

47 

3*5 

5786 

5 2-35 

0*885 

II 

39 

17*88 

Thurs. 

16 

2 

23 

52*9 

57'99 

5 23*61 

0*886 

II 

43 

14*43 

Wed. 

22 

N. 0 

4 

08 

58-46 

7 30*62 

0-871 

12 

6 

5375 

Thur. 

23 

S. 0 

19 

231 

5850 

7 5« 46 

0865 

12 

10 

5030 

Frid. 

24 

0 

42 

477 

S8-5I 

8 1215 

0*858 

12 

14 

46-85 

Sat 

25 

1 

6 

12*5 

58-52 

1 

8 32 67 

0-850 

12 

18 

43-41 
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NAVTICAL ALMASAC ELEMENTS. 


IL 


DECEMBER, 1880. 201 


AT MEAN NOON. | 

Day of the Week. 

Day of the Month. 

THE SUN’S 

Equation of 
Time, 
io bt 
addcd io 
Menu 
Time, 

Var. 

in 

1 hour. 

Sidereal Time. 

Apparent 

Declination. 

Var. 

in 

1 hour. 



• in 

n 

m. a. 

>. 

h. m. a. 

Frid. 

17 

s. 23 23 37 9 

4 63 

3 23 84 

1*229 

17 45 57 5 ° 

Sat. 

18 

23 25 I 4 '9 

3*45 

2 54 26 

1*236 

17 49 S4‘o6 

Sun, 

19 

| 23 26 23*6 

2*28 

2 24-55 

1*240 

17 53 50 61 


JANUARY, 1880. 


MEAN TIME. 

THE MOON'S 

Hour. 

Right 

Ascension. 

Var. 

1 in 10m. 

Declination. 

Var. 
in 10m. 




Saturdw, 

* 7 - 





h 

ra 

a 

• 

• 

9 

99 

99 

0 

O 

16 

3325 

19*150 

N .7 

29 

2*0 

12856 

1 

O 

18 

28 14 

19*148 

7 

4 1 

52*0 

128 10 

2 

O 

20 

2302 

19146 

7 

54 

39*2 

12763 

3 

O 

22 

1759 

19-145 

8 

7 

236 

127*16 

4 

O 

24 

I276 

19-145 

8 

20 

5 1 

120*68 

5 

O 

26 

763 

19145 

8 

32 

437 

120*19 

6 

O 

28 

2*50 

19145 

8 

45 

19*4 

12571 

7 

O 

29 

5737 

19*147 

8 

57 

52*2 

125*21 

8 

O 

3 * 

52*26 

19149 

9 

10 

21*9 

0 

K 

- 4 - 

n 

9 

O 

33 

47'6 

19*152 

9 

22 

48*6 

124*19 

IO 

O 

35 

42^8 

*9 155 

9 

35 

12*2 

l * 3‘°7 

11 

O 

37 

3702 

19 159 

9 

47 

32 6 

12314 

12 

O 

39 

31 99 

19164 

9 

59 

49 9 

122 02 

>3 

O 

4 ^ 

26 99 

19*168 

10 

12 

40 

122 08 

14 

0 

43 

22*01 

19-174 

10 

24 

14 8 

» 2 i 53 

«5 

O 

45 

I7*o8 

19 1S1 

IO 

3° 

22*4 

12 » 8 

16 

O 

47 

I2*l8 

19*1 S8 

IO 

48 

26*0 

12 .;*4 2 

>7 , 

0 

49 

7 33 

* 9**95 

11 

0 

274 

1 lO vS • 

18 

0 

51 

2^1 

*9203 

II 

12 

24*9 

I Kl 20 

19 

0 

52 

5 77 ^ 

19*212 1 

11 

24 

iS 0 

II 2 

20 

0 

54 

53 *‘'° 

19*221 

11 

3 <> 

l <5 

II . , 

21 

0 

56 

4 S ' 4 * 

I923O 

11 

47 

5 ° 5 

11; 

22 

0 

5 * 

43 *2 I 

I9*240 

11 

59 

4 <j 0 

110 , 

23 

I 

0 

yyz 9 

I 925 I 

X. 12 

11 

*9 9 

1 * 0-34 


















NAÜTICAL ALMANAC ELEMENTS. 
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APPARENT PLACES OF STARS, 1880. 


AT UPPER TRANSIT AT GREENWICH. 


. a Attrigae. a Cants Majoris. a Leonis. 

Month «Antlroracaic, (CapeUa) (Stritt#) (Regulus) 

and- 

Day. R A. Dm. N. R.A. Dec. N. R.A. Dec. S. R.A. Dec.N, 


Jati* 

1 


II 


31 


3 » 

Feb. 

1© 


7© 

Mar» 

it 


31 


31 

Apr, 

ro 


20 


30 

May 

10 


20 


30 

June 

9 


*9 


29 

July 

9 


19 


29 

Aug. 

S 


iS 


28 

ScpL 

7 


17 


27 

OcL 

7 


17 


37 

Nov- 

6 


16 


26 

Dec. 

6 


16 


26 


3 * 



* 'hm* ' 
16 33 IO 2 12 32 
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343 
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APPARENT PLACES OF STARS, 1880. 
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NAUTICAL ALMA NAC ELEMENTS. 


TABLES. 


483 


USED IN DETERMINING THE LATITUDE BY OBSERVATIONS OF 1 


THE POLE STAR OUT OF THE MERIDIAN. 





TABLE I. 







Containing the Pint Correction. 





Argument 

;—Sidereal Time of Observation. 



Sidereal 

Time. 

Correction. 

Sidereal 

Time. 

Sidereal 

Time. 

Correction. 

Sidereal 

Time. 

h m 

• / 

* 

h m 

h m 

• 

/ 

m 

h m 

0 0 

-1 is 

45 + 

12 0 

6 O 

- 0 

25 

43 + 

18 0 

IO 

1 16 

48 

io 

IO 

0 

22 

23 

10 

20 

1 17 

42 

20 

20 

0 

19 

1 

20 

30 

I 1 18 

28 

30 

30 

0 

x 5 

36 

30 

40 

1 19 

4 

40 

40 

0 

12 

10 

40 

50 

l 19 

3 1 

50 

50 

0 

8 

43 

50 

I 0 

1 19 

50 

13 0 

7 0 

0 

5 

14 

19 0 

IO 

1 19 

59 

10 

IO 

- 0 

1 

45 + 

10 

20 

1 19 

59 

20 

20 

+ 0 

1 

45 “ 

20 

30 

1 19 

50 

30 

30 

0 

1 

14 

30 

40 

1 19 

3i * 

40 

40 

0 

8 

43 

40 

50 

1 19 

4 

50 

50 

0 

12 

10 

50 

2 O 

1 18 

28 

14 O 

8 0 

0 

15 

36 

20 0 

IO 

1 17 

42 

IO 

IO 

0 

*9 

1 

10 

20 

1 16 

48 

20 

20 

0 

22 

23 

20 

30 

1 15 

45 

30 

30 

0 

25 

43 

30 

40 

1 14 

34 

40 

40 

0 

29 

0 

40 

50 

x x 3 

14 

50 

50 

0 

32 

13 

50 

3 0 

1 11 

45 

x 5 0 

9 0 

0 

35 

23 

21 0 

10 

1 10 

8 

10 

10 

0 

38 

29 

10 

20 

1 8 

24 

20 

20 

0 

41 

30 

20 

30 

1 6 

3* 

30 

30 

0 

44 

27 

30 

40 

1 4 

3i 

40 

40 

0 

47 

18 

40 

5° 

1 2 

23 

5° 

50 

0 

50 

4 

5° 

4 0 

I 0 

9 

16 0 

10 0 

0 

52 

45 

22 0 

10 

0 57 

47 

10 

10 

•0 

55 

19 

10 

20 

0 55 

*9 

20 

20 

0 

57 

47 

20 

30 

0 52 

45 

30 

30 

1 

0 

9 

30 

40 

0 50 

4 

40 

40 

1 

2 

23 

40 

5° 

0 47 

iS 

50 

60 

1 

4 

3 X 

50 

5 0 

0 44 

27 

17 0 

11 0 

1 

6 

3 1 

23 0 

10 

0 41 

30 

10 

10 

1 

8 

24 

10 

20 

0 38 

29 

20 

20 

1 

10 

8 

20 

30 

0 35 

23 

30 

30 

1 

11 

45 

30 

40 

0 32 

*3 

40 

40 

1 

«3 

x 4 

40 

5° 

0 29 

0 

50 

5o 

1 

14 

34 

50 

6 0 

- 0 25 

43 + 

18 0 

12 0 

1 

+ 1 

*5 

45 - 

24 0 
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NAUT 1 CAL ALMANAC ELEMENTS. 


TABLES. 48S 


TABLE II. 

Containing the Seeond Correction (always to be added.) 

Argumentt :—Sidereal Time and Altitude. 

Sidereal 

Altitude. 

Sidereal 

Time. 

0 

0 

0 

0 

0 

O 

0 

0 

Time. 


35 

40 

45 

50 

55 

60 

6S 

70 


h m 

/ tt 

/ n 

/ tt 

/ tr 

/ » 

/ tt 

/ tt 

s tt 

h m 

0 0 

O 4 

0 5 

0 6 

0 7 

0 8 

O IO 

O 12 

0 16 

12 0 

30 

0 I 

0 2 

0 2 

0 3 

0 3 

O 4 

0 5 

0 6 

30 

1 0 

0 0 

0 0 

0 0 

0 0 

0 0 

O O 

0 1 

0 1 

13 0 

30 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 1 

0 1 

30 

2 0 

0 1 

0 2 

0 2 

0 3 

0 3 

0 4 

0 5 

0 6 

14 0 

30 

0 4 

0 5 

0 6 

0 7 

0 8 

0 10 

0 12 

0 16 

30 

3 0 

0 8 

0 9 

0 11 

0 >3 

0 16 

0 19 

0 23 

0 30 

15 0 

30 

0 12 

0 14 

0 17 

0 21 

0 25 

0 30 

0 37 

0 47 

. 30 

4 0 

0 17 

0 20 

0 24 

0 29 

0 35 

0 42 

0 52 

1 7 

16 0 

30 

0 22 

0 26 

0 32 

0 38 

0 45 

O 55 

1 8 

1 27 

30 

5 0 

0 27 

0 32 

0 39 

0 46 

0 55 

1 7 

1 23 

1 46 

17 0 

, 30 

0 31 

0 38 

0 45 

0 54 

1 4 

1 18 

1 36 

2 l 

0 30 

6 0 

0 3 5 

0 42 

0 50 

1 0 

1 12 

1 27 

1 47 

2 18 

18 0 

30 

0 38 

0 45 

0 54 

1 4 

1 17 

1 33 

1 55 

2 28 

30 

7 0 

0 39 

0 47 

0 56 

1 6 

1 19 

1 3 ? 

* 59 

2 33 

19 0 

30 

0 39 

0 47 

0 56 

1 6 

1 19 

1 36 

1 59 

2 3 2 

30 

8 0 

0 38 

0 45 

0 54 

1 4 

1 17 

1 33 

1 55 

2 28 

20 0 

30 

0 35 

0 42 

0 50 

1 0 

1 12 

1 27 

1 47 

2 18 

30 

9 0 

0 3* 

0 38 

0 45 

0 54 

1 4 

1 18 

1 36 

2 2 

21 0 

30 

0 27 

0 32 

0 39 

0 46 

0 55 

1 7 

1 2 l 

1 46 

30 

10 0 

0 22 

0 27 

0 32 

0 38 

0 45 

0 55 

I 8 

1 27 

22 0 

30 

0 17 

0 20 

0 24 

0 29 

0 35 

0 42 

0 52 

1 7 

30 

11 0 

0 12 

0 14 

0 17 

0 21 

0 25 

0 30 

0 37 

0 47 

23 0 

30 

0 8 

0 9 

0 11 

0 13 

0 16 

0 19 

0 23 

0 30 

30 

12 0 

0 4 

0 5 

0 6 

0 7 

0 8 

0 10 

0 12 

0 16 

24 0 




TABLE III. 

(for 
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Containing the Third Correction (alwayt to be added.) 




Arguments:- 

-Sidereal Time and Date. 




Sidereal 

Time. 

July 1. 

Aug. 1. 

Sept 1. 

Oct. I. 

Nov. 1. 

Dec. 1. 

Dec. 31 

h 

t 

m 

/ 

m 

t 

tt 

t 

H 

, 

0 


m 

/ 

m 

O 

I 

4 

I 

1 I 

1 

21 

I 

32 

1 

44 

1 

52 

I 

55 

2 

I 

6 

1 

7 

1 

13 

I 

23 

1 

34 

1 

44 

1 

52 

4 

I 

6 

I 

1 

1 

2 

I 

7 

1 

15 

1 

25 

1 

35 

6 

1 

4 

0 

55 

0 

50 

O 

49 

0 

52 

1 

0 

1 

9 

8 

I 

2 

0 

5i 

0 

4i 

O 

34 

0 

32 

0 

34 

0 

40 

10 

O 

59 

0 

48 

0 

37 

O 

26 

0 

18 

0 

15 

0 

17 

12 

O 

56 

0 

49 

0 

39 

O 

28 

0 

16 

0 

8 

0 

5 

14 

O 

54 

0 

53 

0 

47 

O 

37 

0 

26 

0 

16 

0 

8 

l6 

O 

54 

0 

59 

0 

58 

O 

53 

1 0 

45 

0 

35 

0 

25 

18 

O 

56 

1 

5 

1 

IG 

I 

11 

1 

8 

1 

1 

0 

51 

20 

O 

58 

1 

9 

1 

19 

I 

26 

1 

28 

1 

26 

1 

20 

22 

I 

1 

1 

12 

1 

23 

I 

34 

1 

42 

1 

45 

1 

43 

24 

I 

4 

1 

11 

1 

21 

! 1 

32 

1 1 

44 

1 

52 

1 

55 
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il MARCH, 1881. 




AT MEAN NOON* 



ü 

u 

£ 

£ 

>s 

d 

Q 

Jm 

0 

0 

E 

£ 1 
0 
>1 
d 

Q 

THE SUN’S 

I 

Apparent V&r, 

in 

Dedination. ( hour 

Equation of 
Time, 
ta bt 

iubtrocted 

ftom 

Mmn 

Tun«, 

1 

Var, | 

in 

i hour* 

Sidereal Time* 

San, 

27 

N. 2 45 59‘5 

■ 53-65 1 

m » 

5 2 1"64 

0*765 

h ra ■ 

O ZO 13*02 

Man. 

2S 

3 9 2 S'Ö 

53-50 

5 3-29 

: 0764 

0 24 9*57 

Tues* 

29 

3 3 2 4ü‘i 

1 58,34 

4 44*9* 

| O76I 

0 28 6*13 



AUGUST, 1881. 



Mon* 

1 1 ! 

N* 17 56 S‘l 

33-05 

6 4-48 

ü-154 
D*IÖQ 1 

S 40 55 62 

Tues. 

2 

17 4a $6'0 

38-7» 

6 o'47 

8 44 52'18 

S 4S 48 74 

Wed* 

3 

17 25 6 8 

39‘49 

S 55'S4 

Q‘2Q6 I 

Thur* 

4 

17 9 ro'7 

40HS 

5 50-59 

o’aji 

8 52 45-29 


OCTOBER, 1881. 



19 34 39'9 


14 2 2'40 


»5 S4 36 54 
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APPARENT PLACES OF STARS, 1881. 
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IL FEBRUARY, 1882. 


| AT MEAN NOON. j 

Day of tbe Weelc. 

Day of the Month. 

THE SUN’S 

Fquation 
of Time, 
io be 

tubiracted 

from 

Mean 

Time, 

Var. 

in 

x hour. 

Sidereal Time. 

Appartnt 

Declination. 

Var. 

in 

I hour. 



• t H 

m 

m s 

HR 

h m s 

Sun, 

26 

8 38 201 

5614 

13 460 


22 24 55*61 

Mon. 

27 

8 15 49 0 

56-44 

12 5392 


22 28 52*16 

Tues. 

2 8 

7 53 i°8 

5673 

12 42 69 


22 32 4871 


APPARENT PLACES OF STARS, 1882. 333 


AT UPPER TRANSIT OF GREENWICH. 


Month 

and 

Day 

a Canis Minoris. 
(Proeyon) 

R.A. 

Dec. N. 


h m 

• / 


7 33 

5 31 


8 


Jan. x 

9-89 

247 

11 

IOOI 

234 

21 

1009 

22*2 

3 1 

10*12 

21*2 

Feb. 10 

10*10 

20*4 

20 

10*03 

X98 

Mar. 2 

9*92 

19*3 

12 

978 

19*1 


SATURN, 1882. 359 


| MEAN TIME. j 

Month 

and 

Day. 

Apparent 

Right 

Ascension. 

Apparent 

Declination. 

Noon, 

Noon, 

Feb. 26 

27 

28 

h m s 

2 24 45*00 
* 25 4 ' 4 Ö 

2 25 24*22 

• IM 

X2 X l6*2 

12 3 7-8 
N. 12 5 o*6 
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TAB LE FOB USE WITH THE STABS. 


For cooverting Isteryals of Meax Solar Time into Equiviknt Intervall 
cf SlDEfeEAL Time. 


HOURS, 

MIN UTES. 

SECOXDS. 

_ s 
c = 

£ = 
g a 

H 

Equiralents 

in 

SidereiJ Time. 

|1 
I f 

EquimlenLi 

in 

£id?reaj 
'1 ÜD£ + 

Z S Eqair&Je&U 

1P in 

3 e 1 Siden*I 

i| 

| 

“ | Eqnit*- 

|P 

? 5 Sidercnl 
|| TW 

II 

\\ 

EqttJtv 

Ivnu 

ka 

lisw. 



h 

m « 


m 

• 


m 



> 



I 

i 

O 9-8565 

1 

I 

01643 

3* 

31 

S’°9*S 

I ' 

110027 

3 l 

31^9 

2 

2 

0 197130 

2 

2 

03286 

32 

32 

52508 

2 1 

20055 

3* 

32*0176 

3 

3 

O 29*5694 

3 

3 

0*4928 

33 

33 

5-4211 

3 

30082 

33 

Slow 

4 

4 

0 39*4259 

4 

4 

0-6571 

34 

34 

SS8S3 

4 

40110 

34 

340931 

5 

5 

0 49-2824 

S 

5 

0*8214 

35 

35 

5749* 

5 | 

5^137 

35 

35°95S 

6 

6 

0 59 13S8 

6 

6 

0-9857 

36 ; 

36 

59*39 

6 

60164 

36 

36-0986 

7 

7 

1 8-9953 

7 

7 

II409 

37 

37 

607S2 

7 

7 ’om 

37 

37*013 

S 

8 

1 18*8518 

S 

S 

1*3142 

3* 

38 

62424 

8 

i 80219 

3 ß 

38-1040 

9 

9 

1 287083 

9 

9 

1*47*5 

39 

39 

64O67 

9 

90246 

39 

39106S 

IO 

10 

1 38*5647 

10 

10 

1*6428 

40 

40 

6-5710 

10 

10*0274 

40 

40*1095 

it 

ii 

1 48*4212 

11 

11 

18070 

41 

41 

67353 

11 

11 -030t 

41 

41*1123 

12 

12 

1 58 2777 

12 

12 

19713 

42 

42 

68995 

12 

12*0329 

42 

43 1150 

»3 

13 

2 8*1342 

13 

13 

i-'35f 

43 

43 

7-0638 

13 

*3-0356 

43 

43H77 

>4 

14 

2 179906 

U 

14 

2-2998 

44 

44 

7-22SI 

14 

14-0383 

44 

44- i 205 

iS 

<5 

2 27*8471 

>5 

■5 

2*4041 

45 

45 

7-J924 

<5 

15*0411 

45 

45*i 2 3 2 

16 

l6 

2 377036 

16 

16 

262 S4 

46 

46 

7-5566 

16 

16*0438 

46 ' 

46*1259 

17 

17 

2 47*5600 

17 

>7 

2-7927 

47 

47 

7*7209 

17 

170465 

47 

47*1287 

iS 

l8 

2 57 4165 

iS 

iS 

29569 

4® 

48 

7-8852 

iS 

18x1493 

48 

481314 

i9 

»9 

3 7* 2 73o 

19 

19 

3*1212 

49 

49 

8*0495 

19 

190520 

49 

49" 1:4z 

20 

20 

3 17' J2 59 

20 

20 

3’2S55 

5° 

50 

S-^57 

20 

20-0548 

50 

50-13^9 

21 

21 

3 26*9859 

21 

21 

3'4498 

S! 

5* 

s-3780 

21 

2110575 

51 

51*1396 

22 

22 

3 368424 

22- 

22 

3-6T4O 

52 

52 

8-5413 

22 

220602 

5 2 

52*1434 

n 

23 

3 46*6989 

23 

23 

377*3 

53 

53 

S7066 

z s 

230630 

53 

53M51 

n 

24 

3 56 S5S4 

24 

24 

3-9426 

54 

54 

8-8708 

24 

240657 

54 

54’1479 




25 

25 

4-1069 

55 

55 

9'°35* 

2 5 

25-0685 

SS 

55*15^6 




26 

26 

42711 

56 

56 

91994 

26 

26 0712 

$6 

56*1533 




27 

27 

4*4354 

57 

57 

93 6 37 

2 7 

270739 

57 

57*1561 




28 

2S 

45997 

5» 

58 

9"S 2 79 

28 

28 0767 

1 * S 

58-1588 




29 

29 

47640 

59 

59 

9'£>922 

29 

290794 

59 

59 1615 




30 

l 3 ° 

49282 

60 

60 

9-S565 

30 

30*0821 

60 

ÖO 1643 
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OIPIIETIOIN-S OJF TZETIE PBESS. 

* 4 Wrinkles,’what a misnomer 1 Why the book is far more calculated to remove them than to 
pucker the face of the reader. Here you have a real comfort to the seaman ; many a knotty point of 
nis profession put before him in a readable form, so that so far from being worried, he is inclined, like 
Sam Weller over bis love-letter. to wish f there was more. 1 The author disclaims any literary merit in 
his book on the score of roughing it at sea since the age of thirteen ; but he might have left this to the 
critic to find out, for assuredly lew more useful, practical, and well-written additions to the sailor’s 
fibrary have appeared for many a long year than the ‘Wrinkles ’ now before us. No officer in the Mer- 
cantile Marine, or rather no merchant ship, should sail without this volume on board. The amount of 
instruction to be derived from it would surprise, and pleasurably surprise, most seamen. We hope 
‘ Wrinkles ’ will soon come into general demand, and indeed it should be made a text-book on board 
the Conway and Worcester without loss of time.”— Colbum’s United Service Magazine. 

“ One of the wisest of modern aphorisms is the dictum that 1 Every man is a debtor to his profes¬ 
sion and in the present volume Captain Lecky has paid what we hope is not his last instalment. 

“We may say at once that this is an admirable book. 

“ The author, like a good workman, Starts with a review of his tools (books and instruments), and 
pithily observes :—‘ There are so many works on navigation that any one so disposed might easily con- 
vert his cabin into a book closet, leaving no room to stow away himself and wardrobe.’ He gives a list 
of 16 books, costing about £&. .... 

“ Chapter XV. is devoted to what the author calls ‘ Weatherology,’ and we think it one of the best 
in the book As might be expected, the author thinks that the best System of all is constant watchful- 
ness. 

“.In taking leave of this valuable book, the reviewer has to say, in conclusion, that 

should it be his fate again to plough the waters for a livelihood, he shall certainly add to his library 
* Captain Lecky’s Wnnkles on Practical Navigation,’ even at the risk of ‘ leavingno room to stow away 
himself and wardrobe.’ ”—Mercantile Marine Service Association REPORTER. 


u Captain Lecky devotes his book to practical Navigation. He has dedicated his work to Sir 
Thomas Brassey, in memory of having had a place in the Sunbeam during a portion of her adventurous 
voyage. The author teils us that the book has been prepared for comparatively young members of the 
profession, and that ‘ one of the leading objects has been to elucidate in plain English some of those 
important elementary principles which the savants have enveloped in such a haze of mystery as to render 
pursuit hopeless to any but a skilled mathematician.’ That Captain Lecky has performed this task care- 
xully and effectually will be admitted by all who are competent to consult and to give an opinion on his 
pages. In the appendix will be found some pretty formul ae for correcting the rate of a marine Chrono¬ 
meter, with examples to be worked out; also a table of corrections due to changes of temperature; some 
Information respecting what is known as the * heeling error 1 in the compasses of iron ships. and other 
important matters. Captain Lecky’s work does not aim at novel theones or recoudite disquisitions on 
«uestions of navigation; but it is a practical and useful production, and as such will, we have no 
Joubt, be appreciated by those for whom it is intended.”— Shipping and Mercantüe Gazette. 

u A pleasant feature in the work is that, written in homely language, thoronghly familiär to the 
niutical ear, it is never too leamed. None of the ( Wrinkles * are surrounded by that husk of mathema- 
tical mystery with which some of our modern savants love to shroud the information they are seeming 
to give, and puzzle rather than instruct their readers. .... 

u The entire work is so well worthy of attention that it seems unfair to esperialise any particular 
chapter. We should advise sailors to thoroughly study the whole book, from the Preface to Appendix 
D. — British Merchant Service Journal '. 
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2 "WEINKIiES" IN FBACTICAL NAVIGATION. 

OFINIONS OF THE PRESS .—Contimud. 

“ The author of this work States in his preface that ‘ the parriculor ahn of the ireatise h io furaith 
seamen with thoroughly practical hinis» such as are nut founa in the ordinary works an Navigation/ 
and he has stuck to his trat. The work abounds in exceilent and sound advice on every suhjtci Mid 
Science with which a navigatür should be acquainted ; and in discussing Instruments* 1xK?ks, iruf 
methods, though there are no novdties. there is much practical Information that will be servkcablc Wuke 
to old and y oung .' l ~ Nautical Magazine. 

11 The great charni of the work is that the author does not ascend to what somc tenn the scientific ; 
he is never too learned, but has well carried out the task he sets himself in the preface. 

tm ln a pleasant, atiraetive, and sailor-like style he deals with what Captain Bedford, in the 4 Sailor $ 
Pocket Book/ so well terms 4 the important simplidties * of navigation- The mariner s compass, the 
sextant. Chronometer, chart. dividers, parallel rulers. log and lead, Station pointcr, harometer and ther- 
mometer, are each in turn treated upon, and valuable ‘ wrinkles ' with regard to their manipuUrion antf 
individual peculiarities are given to the public* 

11 These 1 wrinkles 4 are the result of the observalions of a sailor who has not only gone to sea with 
his eyes open, but who also has had the indastry io read and weigh the opinions of otners. 

“ The Student of i Wrinkles * will not only derive advantage from the experience of its observant 
author, but he will also find himself introductd to the best men and works connected with the Instru¬ 
ments and subjects treated upon* Numerous examples and illustrations illuminate the ordinary letter- 
press/ 1 — United Service Gazette* 

u Nautical works are almost as 1 plcntiful as blackberries/ and it is rather difEcult for an aut hör in 
Lhese days to bring anythtng before the public in the nautical way which has not already appexred in 
prinL Captain Lecky has. however, proved that there is no rule without an exeeptioo* for his * Wrinkles * 
in Practical Navigation is quite an exception to the general run ofmstnietive books on navigation, f m 
he takes the sailor from tbc 1 cradle to the grave/ and teils bim what to da when he first leavcs ihe 
form er uniil he finishes his education. The Information conveyed in 4 Wrinkles 4 is told in a thoroughly 
readable way, and put in a form at once concise and intcHigible ; and however full the seaman’s übvary 
may be, we are sure that he cannot do better than find space on his book sheif for * Wrinkles in Practica] 
Navigation/ ”— Hunt** Yacht ing Magazine, 

“ Captain Lecky r s * Wrinkles T may be accepled with confidence ; the vast amount of matter which 
the work conlains is astonishing, but, after a careful j>erusal, compcteot readers will, we think, atlmit 
that tiot n single page has been permed in vain. 

11 The most ancient of manners can, we believe, obtain from Captain Lecky's work a large «rprlr 
of useful * Wrinkles. 4 M — Arrny and Navy Gazette* 

A valnable addition to the Science of practical navigatioit is the work ander the above title hy 
Captain Lecky of the American Sieamship Line. Captain Lecky’s announced purpose in the prepan 
lion of this volume i is to furnish scamen with thorouchly practical hints, such as are not found in rhe 
ordinary works on navigation/ and he has accomplished this in a large degree, not the least valuable 
feature of his produclion being its numerous illustrations and diograms, which ought to nicke their <uV 
jects clear to the dullest mind. The appearance of such a work on navigation should be warm/ir 
wclcomcd by scamen, whosc arduous vocatiou general ly prevents t hem from giving much thought oi lime 
to invejtigations other thau thosc which lie near ihe surface of things. 

u But the general public, as well os navigntors, have much to leam from Capt* Lecky’s * IVrinHsr ’ 
The aut hör condusivcly demolishes the theory that in apnroaching icebergs thermometric tests of iV 
water can be confidently refied on lo reveal through darkness or fog the proximity of these tloat * * 
dancers. He also throws out some valuahle hrnls on fog navigation, and fordbly overthrows the p’rw 
for nigh speed in fogs, especially when near land, and trusüng to that ‘ stupid old pjlot—dead reckon 
ing, ’ To ihe general reader his chapter on * Weatherology 4 will present pecuHar attmctions* Captun 
Lecky has evidently beeti a keen weither observer at sea, and has informetf himself of most that has tieen 
advanced by modern meteorologists oti the Maw of storms/ It h to be regretted, however. ttoth (at 
science and seamanship, that he seems to und errate the beuefits the navigator has derived, or u likely to 
derive, from concerted meteorological ohservaiions on the ocearu 4 lf/ hesays, *concerted action uvails 
so little, what chance has an isolated individual such as the commander of a ship, who has not hing io 
guide him bat his own local oliscrvations, of satUfying himself as to the wealher he may ex[>ect for esen 
n single com mg day ? 4 Captain Lecky overlooks the fact that, as yet, no i concerted action f for mvtst»- 
gatioti of ocean meteorology at all oommensurate with the magnitude of the marine stormdield has evrt 
Ireen tnken ; and, unhappüy, while giving his nautical brethren minute instmctioiu o % to almost every* 
thing that concerns them to know ot to do, he omils to spur them up to Lhe work ofeo operating in ihr 
great modern international »eherne of marine weaiherrescarch, designed to »ipply the very lack he 
ingly dcploies. lf Captain Lecky and hilf of the Commanders of Ihe merduuu marine, who will mft 
his book with eager interest, would enter heartily on this observational work, and conlribute their vimuf- 
taneous ocean weather reports to the Signal service, the resulls deduced from such co Operation mig>4 
hasten that better day be hopes for, in which the scaman will not have Io depend solcly upon bis ovn 
individual weather experience, but will go on his ocean course haviug hU way* so to speak, * blaaed * 
through the winds and latitudes and longimdcs, and will be in possessiou of knowledge by which he 
c-*n, in s large etegree, for ecu st to-morrow's * pfObwbiKtic*/ M — Public Lot gef and Daily Tranjerirt 
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OPINIONS OF THE PRESS.— Continued. 

“ A practical and direct help to merchant captains will be found in a work lately published by 
Messrs. George Philip and Son, of Fleet Street, London. The author, Captain S. T. S. Lecky, R.N.R., 
is well-known in the mercantile marine as a careful, clever, and scientific navigator, and he has brought 
a large amount of his knowledge and practical ability to bear upon the present publication. The aim of 
the author has evidently been to convey, in simple language, thoroughlv practical hints, and he has Con¬ 
densed, in a clear succinct style, the teachings of Standard works and the results of his own experience 
into a handy and clever work. The author States in his preface that ‘ The volume contains but little 
that is claimed as strictly original; it is based upon life-long observation, matter gleaned from the works 
of men of repute, and information derived from mtercourse with shipmasters and the cloth general ly.’— 
Notwithstanding this modest preface, Captain Lecky has thrown out some valuable hints, and has given 
his information in a very sensible form. This is particularly applicable to his selecdon of books neces- 
sary for reference and guidance, and his list of indispensable nautical instruments of navigation. The 
Chapter on the ‘ Mariner’s Compass * contains a large amount of useful information, and will be read 
with Interest by all practical navigators. His remarks on the marine Chronometer, the sextant, and the 
artificial and sea-horizons, form the subjects of three very able chapters, and will well repay careful 
perusal This applies also to his observations on the use of instruments, their ad justment, and compa- 
rative value, and, although there is little that is novel, his “ wrinkles ” are given in a sailor-like and 
concise form. The astronomical portion of the volume is all good and practical, and such as all who 
have Charge of life and property at sea should have a knowledge of. Especially clear and concise are 
his remarks on “ Latitude by meridian altitude,” and his “ Longitude by Chronometer,” while those 
chapters devoted to the subjects of “ shaping a course,” and “ The danger angle and correct determina- 
tion of distance from land, will commend tnemselves to all practical and enquiring minds. 

“ The author has collected some useful not es on tides, currents, waves and breakers, whiclf should 
be of much Service to those interested in such physical phenomena. 

“ The book is wellprinted, and contains 70 or 80 illustrations, including some carefully executed 
physical maps .”—The Englishman, Calcutta. 

‘‘This work is certainly the very best of its dass ever emanating from a practical seaman, and to us 
it was a real source of pleasure to read it through, as we did from preface to appendix. Captain Lecky 
has written in a charmmg, off-hand style, and from the Start captures his reader and leads him on in deep 
interest through the thirty-three chapters of his work. He makes the study of navigation a real pleasure, 
and as attractive as a romance, yet full, practical, and correct. We Claim to know somethingof ‘ naviga¬ 
tion wrinkles,* but Captain Lecky has quickly and tersely taught us how little we really did know. He 
is not only a keen observer, but has cleverly adapted the gooa opinions of others, and blended them so 
adroitly with those of his own, which are ripened with experience, that the work Stands without a peer 
in the literature of things pertaining to the Science of navigation. There is no work that we know of that 
we can so urgently recommend to the practical navigator as this one. It is a library in itself. It is the 
work of a troe sailor, and one whom we must esteem very highly for his superior talentsand attainments. 
No work of its dass ever received higher commendation from the British press than ‘ Wrinkles * has, and 
deservedly so. It is a work that can be understood by the Professional mariner of any grade, and being 
devoid of the ‘ wholly too leamed,* is suited to all degrees of progress in the study of navigation ; and even 
the oldest master mariner can leam from its pages very much that is valuable, while to the ‘youngster * 
it is invaluable. We hope our shipmasters will secure a copy of this work, and we feel assured that they 
will thank us for pointing out its existence and merits. Captain Lecky is now in command of one of the 
American Line steamers, and hence he is well posted in the Atlantic trade, and was in Sir Thomas 
Brassey*s famous yacht Sunbeam in her cruise around the world. We congratulate the captain upon 
the results of his labours, and he certainly deserves the thanks of his brethren eveiywhere .”—The Nautical 
Gazette (New York). 


List of Shipowners who have supplied copies of Oaptain Lecky’s book to their vessels. 

Peninsular and Oriental Steam Navigation Co. (53 copies). 


Pacific Steam Navigation Ca, Liverpool. 
Inman Stramship Co. „ 

Rathbone Bros. „ 

Alfred Booth & Ca „ 

ISMAY, IMRIE & CO. „ 

British Shipowners Co. „ 

Lamport & Holt. „ 

G. H. Fletcher & Ca „ 

African RoVal Mail Steamship Co. „ 
Taylor, Camekon & Co. ,. 

Richardson, Spencf. & Co. „ 

J. D. Newton, Esq. „ 


Donald Curhie & Co. London. 

Gellatly, Hankey & Sewell, „ 

Gray, Dawes & Co. ff 

MTntyre Bros. & Co., of Newcastle. 
Wilson & Sons, Hüll. 

Red Star Line, New York and Antwerp. 
Ulster Steamship Co., Belfast. 

Robert Henderson, Esq., ,, 

William Gray & Co., West Hartlrpool. 
American Steamship Co., Philadelphia. 
Bureau of Navigation, Washington, for 
United States Navy— 50 copies. 
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EXTRACTS PROM LETTERS RECEIVED BY THE ATJTHOR* 


From Captain Sir Fred. Evans, RN., F RS. 

HydrograpKer to the Admiralty. 

" Yots descrvc success, for your work contains a great deal of useful Information, well prepared from 
iound practica] experience/ 1 


Frora A. C Johnston, Esq, R N. M A. 

Navat Instructor II.M S. Britannia? Training Ship for Naval CadeU, 

“ The more I 5 « of your book the beiter plcaaed I am with it. lt is qtiite a treasury of natittil 
koowledge, and ooniabs withm its pagcs an amount of Information which cotild only otherwi*e be 
acquired by years of actual practica! experience at sca. It h correct in prindple, and a safe guide tothe 
scann an ; and noone who aspires to become & thoroughly efRcient navigalor should be without tu 1 trusi 
Ihat your tabours may be rewarded in a manner commensurate with thcir deserU." 


From Sir WUliam Thomson, F.RS. 

The University, Glasgow. 

11 1 have looked Int© your book a good deal, and have been great!y pleased with it I approved 
thoroughJy of everything I wir.” 


From Captain Fred- Geo. Bedford, RN. 

Captain of the Royal Naval College, Greenwich. 

** It strikes me as bei mg a most useful buok, and one (hat will commend itsclf from tu hebt *0 
eminenlly praclical, and placing the matter before peoplc in clear, homely languagc," 


From Gloments R. Markham, Esq 

Honorar# Secretary Royal Geographica! Society. 

14 1 have been rcading with much Interest your * Wrinkles in Practica! Navigation/ ft Rpprtn io 
me to be » most useful and opportune Work, and just what h needcd by great numbcrs of peoplc,* 


From John Hartnnp, Esq. 

Aetronomer to the Mersey Dock and Harbour Estaie, Bideton Obtcrvatory, 

14 In accordance with your dcsire, I have looked over your book on Navigation. Düring ih* pa# 
thirty years I have been in the habit of conversing with ofheers in the mcrc&ntilc marine on subjects con¬ 
nected with the vurious methods which have been devised for fbding the position of a ship at sea, and f 
have been strongly imprc&sed with the importance of short practical mit» for thdr guidancc in all cab 
culations. I have not heretofore met with a work which has appeared to me so well adapted to 
their requirements as * Wrinkles in Practical Navigation/ aud ihereforc Ihink you have couferred a greil 
benefit on marmers by its publication. H 


From Captain Henry Toynbee, F RÄ S. 

Superintendent of the Meteorologie at Oßce , HG t Victoria Street^ London, 

*' So far us I can give an opinion* it carries out the idca suggested by its narnc {* Wrinkles rrrf 
well, and does not frighten the satlor by too tnany algebraicnl signs. It does, in fact, givc m large ajaosint 
ofcxpcricncc in a chatty form/’ 


From W. C- Bergen* 

Teacher of Navigation, and author of se veröl Work» on Navigation^ Sunderland. 

** I Have read youf work, entitled * Wrinkles in Practical Navigation/ with much tnteresL I Hünk 
lt contams a very great amount of Information useful to captams and officers of ship«, presemed to tlwö 
b a style which th cy will thoroughly und erstand,** 
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EXTRACTS FROM LEITERS.— Continued. 

From Oaptain W. B. Dnncan, 

Teacher of Navigation, South Shields. 

“ I like your * Wrinkles ’ exceedingly. Owncrs, fbr their own interest, should supply a copy as 
part of the ship’s Stores.” 


From Oaptain John Haider, 

South Shields. 

44 I think the title you have chosen for your work is an admirable one,—they are 4 Wrinkles* indeed.” 


From Oaptain Henry Morrison, 

Senior Officer American Steamship Co., United States Mail Steamer 44 Ohio.” 

44 To my mind you have conferred a great boon on the profession, as the book meets a want that 
all familiär with the subject will admit has been long feit*’ 


From Oaptain Henry F. Watt, 

Liverpool. 

44 You have, it appears to me, done a solid and good piece of work, and it has merit enough to 
ensure it success." 


From H. M Hozier, Esq. 

Secretary for Lloyds , London. 

44 The Committee of Lloyd’s have ordered a copy of your work entitled • Wrinkles in Practical 
Navigation * to be supplied to the Library of this Institution.” 


From Oaptain W. W. Kiddle, R N. 

Principal Officer of the Board of Trade , Dublin. 

44 I have looked over your book with much interest, and must congratulate you on häving rendered 
a great Service to seamen in general. My opinion is that it will be translated into foreign languages ; 
for I am not aware of a similar work in any Continental marine. The type, engravings, and general 
get-up, are also good; and you may rest assured that it will be long before there is a rival in the Seid.'* 


From R 0. Oarrington, Esq. 

Indian Marine Survey Department, Calcutta. 

44 Your book contains a vast amount of information, and really useful 1 Wrinkles ' to a thinking man.” 


From Oaptain D. Home, 

Superintendent Dock Master, Hüll. 

44 Such is my opinion of the book, that I think it ought to be supplied to every foreign-going vessel 
(whether sail or steam), and I shall take every opportunity of pointing this out to shipowners. 

“ S peak in g from my own experience of sea life, I should indeed have been only too glad to have had 
it myself when afloat. So clearly are some of the difficult problems of navigation explained and illus- 
trated, that, to say.the least of it, the thanks ofall worthy of the name of seamen are due to Captain 
Lecky for his valuable publication. I hope it will become a Standard work, and take its proper place 
accordingly.” 


From Sir Thomas Brassey, K O B., M P. 

Civil Lord of the Admiralty. 

“ I have gone carefully through your book, and think it admirable.” 
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EXTRACTS FROM LETTERS.— Continued. 

From Alex. Sinclair, Esq. 

Manager African Steamship Co. 

“There seems to be but onc opinion about it, namely, that it is a very valuable and instructive 
liandbook for masters of ships. ” 


From Archibald T. Miller, R.N. 

Commanding School Frigate “ Conway ” 

11 It affords me very real pleasure to be able to speak in the highest terms of your most valuable 
work 1 Wrinkles .* Having heard of its preparation for many years past, I am not surprised to find it 
containing the ripe fruit of long Service at sea, with a very wide experience in all sorts of ships and 
Services. The book is most interesting. as well as instructive; and I have heard a landsman dedare 
that he found it more absorbing than any novel. If sailors do this also, and study closely the chapter 
on compasses (even if nothing more), we will hear of far fewer disasters from ‘suspected currents,’ and 
what not So much is the value of the book recognized, that it is proposed to give it as a prixe on 
board here ; and I may mention that a Liverpool shipowner reccntly sent us six copies for my lads to 
study/* 


From Oaptain John 0. Almond, 

Nautical Inspector Peninsular and Oriental Steam Navigation Company. 

“I have made the acquaintance of your book, and think very highly of it. The title is well 
chosen. The ‘ Wrinkles ’ cover a pleasant face. A work of this sort was much wanted, and fills a gap 
that previously existed in every Nautical Library. It is useful as an aide de memoire to the old Salt, 
and a mentor to the young one. A copy will be placed in the chart-room of each of our vessels, and in 
future will be included in the list of navigational books supplied to every new ship. Captain Angove— 
our Marine Superintendent—wishes me to say he thoroughly agrees with my estimation of the merits 
and practical Utility of the ‘Wrinkles.’ If you think il worth while, you are at liberty to make any ose 
of the same.” 


Frpm Arthur Hill Coates, Esq. 

Late Honorary Secretary Ulster Royal Yacht Club. 

“I am very glad, but not surprised, to hear your book is getting off so well. To yachtsmen 
I think it will be of the greatest use, because they have not the same opportunity of learning the 
‘Wrinkles ’ from experience that most young mcrchant officcrs possess. Amateurs, when they command 
their own vessels—now not unfrequcntlv the casc—have no one to go to when they get into a fog, bat 
must just worry through by themselvcs. Your book at such times comes to their aid, and gives them the 
* short cut,’ so to speak.” 


From Captain John W. King (Ship “Fearnought ”), 

5 , liroad Street, l'enryn , Cornwall. 

“ A word about your ‘ Wrinkles.’ I think it altogether the plainest and most simple bookoo Xavi- 
gation I have ever read, and just «hat we sailor> wanted.” 


From Captain J. G. Walker, U.S.N. 

Chief of Bureau of Navigation , Washington 

“I considcr that your book ‘ Wrinkles in Practical Navigation’ will be of great Service to oflftcer* 
qualifying themselvcs lor examination, and would serve as an excellent w’ork of reference for command¬ 
ing officcrs. I have pleasure in sending a copy ot a ictter recei\ed Irom Rcar-Admiral Amrr.*n 
refemng to it.” 
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EXTRACTS FROM LETTERS.— Continued. 

From Bear-Admiral Ammen, XJS.N. 

To Captain J. G. Walker , U.S.N., Chief of Bureau of Navigation. 

“One of my former Naval friends has asked my examination of 4 Wrinkles in Practical Navigation,* 
by Captain Lecky, R.N.R. This I have done attentively, and beg leave to bring it to your notice. It 
would in general prove an intelligent reminder and guide of procedure in what officers should have 
learned from text-books, and thus serve a most useful purpose. I appreciate the 40 pages on Deviation 
and the Correction of compass errors ; the more perhaps, as I had aided in the appointment of a gentle- 
man in our Navy of high scientific attainments with an especial view of developing the subject in some 
such practical form ; and although Chief of Bureau at the time, and the gentleman was under my Orders, 
I failed to attain my end. As a reminder, if not an instructor, I consider the book practically of great 
value.” 


From Bear-Admiral 0. B. P. Rodgers, U.S N. 

To Captain Jas. S. Biddle , U.S.N. 

44 Captain Lecky’s book seems to me an admirable Compilation, comprehensive and well arranged, 
and likely to be very useful to all sea officers, especially to those of the Merchant Service. So far as I 
have been able to examine it, it has impressed me very favourably, and I quite agree with you in think- 
ing it might well be placed in our ships’ libraries.” 


From Fred. G. Green, Esq., 

Woodside Cottage, Breightmet, near Bolton. 

“As an Amateur Navigator I am deriving great benefit from your 1 Wrinkles.* It is just the right 
kind of book to enable one to make the most of one’s limited expcrience, and it is impossible to say 
which part of it is the most valuable. The ‘ Horizontal Angle ’ and * Danger Angle * were a new 
idea to me, and I shall certainly practice them. I have never had much to do with Deviation of the 
Compass, as I have mostly been shipmates with lead ballast and wooden hulls, but your chapter on 
Compass Correction has cleared up what always appeared very misty to me before. Also the Table of 
Corrections for Johnson’s method is an acquisition : for some time I had worked by the intersectional 
method, but constantly scoring lines on the charts is objectionable, and caused me to resort to pro¬ 
portional logarithms—which, however, is a long and cumbrous Operation. Now that I have your book 
it is certain that I shall never do so again.” 


From Campbell M. Hepworth, Esq., F.M.S. 

Commanding E.M.S. “ Danube” Union Steam Packet Co. 

“With regard to your valuable works ‘Wrinkles,’ and ‘The Danger Angle and Off-Shore 
Distance Tables,’ I have recommended them right and left, and in all cases have been considered 
a benefactor for having done so. For myself, I believe it is impossible to estimate the amount 
of good they have done already, and are destined to do in years to come. Have they been translated 
into foreign languages? If not, they should be.” 


From Captain 8. P. H. Atkinson. 

Late Ship “British Peer.” 

44 Having read over your work entitled 4 Wrinkles in Practical Navigation * several times, I have no 
hesitation in saying that it is the most useful and comprehensive treatise on the many and various 
subjects nccessary to safe navigation which I have ever met with. I feel sure that it will prove 
of much practical value to the older members as well as the rising generation of the Mercantile 
Marine, m tending to eradicate from their minds many prejudices which at present exist in 
favour of working out problems in navigation by erroneous and non-conclusive methods. It seems to me 
also that your remarks on Compass Adjustment are the clearest, most easily comprehended, and 
most instructive of any that I liave come across. I had read Towson’s before, but, through 
the want of accompanying diagrams, used to get somewhat confused, and I am very confident 
that your elucidation of the subject will be much more gcncrally appreciated. ” 
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EXTRACTS FROM LETTERS RECEIVED BY CAPTAIN LECKY. 

From H. 0. Rothery, Esq. 

Her Majestxfs Wreck Commissioner t Westminster. 

“ I have read through the Introduction and the Prefaces to Parts I. and II. of your little book. 
entitled ‘The Danger Angle and Off-shore Distance Tables,’ and think that it will be mpst useful „ 
to seamen in estimating their distances from land, if they will only consult it As a mathematician I am 
especially pleased with it. A notice, also, which I received of your other work, • Wrinkles,’ &c., 
has induced me to send for the book, and I shall try to make myself master of it during the 
short vacation which I am now about to take.” 


From Staff-Commander J. M. Share, R.N. 

Cape Town, South Africa. 

“ I have this day received a copy of your admirable book, ' The Danger Angle and Off-shore 
Distance Tables,’ and hasten to express my high approval of its contents and handy size. It cannot fail 
to be highly useful when known—as it ought to be—far and wide.” 


From Fred. 0. Green, Esq., 

Woodtide Cottage , Breightmet, near Bolton. 

“I am just writing a line to teil you I have got your ‘Distance Tables,’ and shall be glad 
of an opportunity of trying the plan, In the generality of cases of distances under five miles, it appears 
to be near enough for ordinary work to read to the nearest minute (') of arc, and I see you have only 
carried out the angles as far as they change sufficiently rapid to give a good • Fix ;* so one is not likelv 
to fall into the mistake of trying to work to tenths of a mile by an angle too small for certainty. I think 
it will be worth while to get a small box sextant for that kind of work and horizontal angles : it will be 
handier to put down anywhere. and the loss will not be so grievous if it should jump off the Skylight 
and cruise around the deck. I nope the book will have the success it deserves.” 


(Over}. 
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OPINIONS OF THE PRESS, 

'* *The Dan Gin Angle and Off-Shore Dfstance Tables/ is an excellent Utile work, from 
the pen of ihe Author of * Wrinkles/ whose narae is fast becoming familiär to every Certificated Öfficcr 
in the British Merchant Service, The unpretentious iitüe volume befcre us cannot fall to establish lts 
light to a place in the library of all carcful navigalors. 

** It consists of two parts. Part I, containmg tables for heights from 50 to j.ooo feet* DtsUnces 
from the tenth of a mUc to live miles. Part II* (üt) contaming tablcs for heights from 200 to 6,octo feet, 
Distanccs from five to seventy miles, Part II, {&) Heights from 6 t ooo to t2,ooo feet, Distances from 
tcn to eighty miles, Part II. (e) Heights from 12,500 to 18,000 feet. Distances fourtcen to one 
band red miles, Part I, is explained as only to be used in connectior» with objects lying cm or m/Aui 
the bounding line of the observeris horizon, Part II. has been calculatcd for objects beyotid that 
bonndary. 

" The advantages of this little work are evident at a glance, The errors in estimating the distance 
of vessels from shore too often lead to casualties, for which imvigators are somelimes brought up with a 
round turn by Courts of Inquiry; and while the Author does not Champion this method of compnting 
a ship’s ofb shore distance as superior to all others, he. tievert heless, pats in a compact form a systetu 
that the eaperience of many years has shown to be handy and reliablc when used with discretian. The 
ease and simpiicity with which, when coastmg, a veisePs position can be fixed ; the clue it affords to the 
detection of faulty steering, compass errors, and currents* together with the sense of security and 
comequent comfort of mirid the painsiakmg mariner is surc to realize by iU use, are all so many 
argumenta in favonr of the method, 

** The Author's reference to the case of a vessel Standing in from seaward, to make her port. and 
being able to dehne her cvact position* and shape a course for it before the coastdine is even visibte» and 
this with scarcdy any trouble, is an illustration that navigators will app reckte, and otie with whxh 
uumbers are cxperimentally familiär, to thcir intense satisfactioa. 

11 We are half inclined to quote some of the Author's examples, but are persuaded that for the smill 
cost involved, few Masters or OfTicers will be content to remam unpossessed of this handy book, nnd wdi 
* read, mark, leam, aud iuwardly digest * for thcmselves *”—Meramtile Marine Service Aswciatwn 
REPORTER. 


<f The Merchant Service may be congratulated on bring able to number on tts master roll 
one whose sympathics are so entirely with bis brother sailors* that whilst in the executioa of hta 
multirarious duties, he still finds time to compile and prepare for publication works which cannot ful. 
to be appreciated by oavigators, Tt has afibrded us plcasure to note the increasing demand ha 
u Wrinkles in Practical Navigation, '* and to receive from nur readcrs afloat testimony of the value of 
Ihat work. With ihe knowtedge that the publication is bring eagerly sought after* wc may predict a 
similar expression of approval on the part of the paidstaking men, who will be plcased to warn th*t 
Captain l.ecky has made a further contributioo to Standard nautical works. 

“The Danger Angle and Offshore Distance Tables * has just becn issued, It U a work whirJi 
reflects great credit upon the author, and tan only have been completed after very ^reat laN)ur, 
Casualties befaJling ships are frequently found to have arisen from erroncous estimates of tbdr distance 
from the Jand. 'I he method of determining this point has hithefto bcen dlfficull in poctke, owing 
to the abscnce of tables to assist the navigator to ascertaln by simple reference thereto the vi-sselt 
distance from any object of known height. 'fhe mariner will now find that the difikaltf has beea 
removed* and that by avarling himadfof the Information given in this txiok, he has gained possesiK» «f 
an additional safeguard to navigatioo, and one which will recom tuend itself by its simpl icity and 
application, 

“ Many years* experiencc and unceasing Observation must have bceo requireil to lest an4 töcompcre 
tables so comprehensive, and in recommeoding it to our rcaders we are cantklent that the watk 
prove an inv.rluable friend to the mariner, as U is perfect ly sound throüghout, and only requite* to be 
known to becornc univcrsri ly adopted ,* 1 —Britiih Merchant Service Journal. 
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